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Transitions* to Concrete Operations: A Survey of Piagefs Writings 
^ Sanf ord' Thompson 

/ Laboratory of Human Development 

Harvard University ^ 



^his study was performed pursuant to Contract OE 5-10-239 with the 
Cooperatirve Research, Program of the United States Office 6f Education, 
under a pboject of the Harvard University Center for Research and De- 
velopment on Educational Differences. 



\ 

Note ; The folloviDg materials vere prepared by Sanford Thompson from 
a survey of Piap;et*s writinp;s. Mr. Thompson undertook that' survey in 
1966-196T, participating through the Faculty Aide program of Harvard 
College in the project cited above. ' ^ 

A considerable amount of evidence has accumulated from diverse 
sources to support Piaget's. contention that a significant change in 
children's intellectiial processes occurs around age T (cf. Kendler and 
Kendler, 1962; Reese, 1962; VJhite, 1965. 1966a, 1966b). The number and 
variety of the observed changfes are ^impresfiive , and it seems important 
that they be considered all together to see if some better understanding 
of cause and effect can be' inferred from them. Piaget's body of writings 
is large, and references to behavior change in the age period from 5-7 
are scattered through those writings. The 'survey was undertaken to ex- 
tract a fairly complete list of the behavior changes noted by Piaget. 
There are three main sections in the material that fallows: 
I . The Transition to Concrete Operations : General Outline . This 
single-page outline * attempts to diarram Piaget 's conception of the ex/ 
ternal forces and internal changes which are important to the develop- 
ment of concrete operations. 

'II. Explanation of Outline . This section gives a longer account 
of each entry in the general outline and cites relevant text sources. 

III. Ll3^ of Behavior Changes Reported by P_lag:et in t^ie ^,^£L Pgljog:' 
This section lists observable indications of intellectual change con- 
comitant with concrete operations. There ia ^ separate outline section 
for each book. Paj^en^iesize^ numbers refer to text pages. 



( 

• The page numbers under Sectioha II and III re^er to the spec if i 
editions of Piaget's works which were used in the survey. Those edi 
tions are cited in a final Reference section. 



Sheldon H. VHiite 
July 6, I96T 
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I. The Transition to Concrete Operations: A General Outline 

The processes described In the chart start between 5 and T, some 
come to cpmp^etion in. that time, others to. partial completion, but thfe 
whole thing is not complete until 11-12. 



Social Interaction with 
Peers on a basis of Mutual 
/ Respect 



/- "pressure to Treat One Is ^ /'^Pressure to Communicate^ 
( Own Thought as an Object V^^esire to Justify 
\ of Thought 




erience in the 
ical World 




i 



Loss of Absolutism 
and Realism 



Beginnings of the 
Loss of Animism and' 
Artif icialism 



[Beginnings of th'fe Loss 
^ *of Egocentrisn 



Confrontation with the inadequacy of preoperational 
modes of thought, leading to invention, romancing, 
guessing, reality testing, questions, and introspection. 

i 

Increase in Mechani- 



Introspection 



cal Orientation, 
Tendency to Ask 
"How?" 



Further Loss of Absolutism 
and Realism ^ 



1 r 



Genuin^ Phy'&ical Explanations 
start/tp_ appear 



^ I Reversibility 



T 



/ 



Gradual Loss, -of Transduction (Juxtaposition 
plus Syncretism in Favor of Ded uction 



Increasing Equilibrium 
Between Assimilation 
and ^ccommodation 



Growth of Ability to 
Decentrate 



Further Loss of Animism 
^nd Artificialism 



.Denotes a mediating proceoa 



Reversibility - 



Denotes a growing logical prbcess 

- Denotes a faculty (these ^re in process boxes 
because they are gained slowly;^ not suddenly). 



II. Explanation of Outline 



I, ' Social Interaction with Peers on a BaAis of f^tual Respect. 
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1. Social .Interaction (Sl) is the jrlmary"^ cause of decrease in 
monologue and collective monologue around age ?• (Language an^d 
Thought of the Child,^ p. 

2. Logical thought is reacted through the desire to verify, which ^ 
has social origins. (Judgment and Reasoning in the Ctjild,*^ 

p. 201-1*). "Insofar aa^^e is thinking only for himself, the 
child has no need to be aware of the mechanism of his reasoning. 
(JR 213). 

3. "Difficulty with terms of di^or^fknce ore bound up with logical 
difficulties traceable to socfki factors." (JR 55). 

U. Disillusionment re. parental omniscience setis the stage for the 

loss of animism, and is contemporary and probably interdependent ^ 
of increased peer activity. " (The Child's Conception of the World,"" 
p. 385). . . ^ 

N.B. 5. "...social life is necessary to rational development, but-. . . it is 
not sufficient tc create the-power of rea^Aning... Once it has 
liberated the appearance of the logical nouns in the child, the 
social environment enables him to becMae 'permeable' to ex- 
perience. And when this faculty has toeen acquired, the colllibora- 
tion of logical reason and experienced itself suffices to account 
for the intellectual development that t>^es place." (The Child's 
Conception of Physical Causality," p. 25^). "...as the child 
discovers that others do not think as he does, he makes efforts 
to adapt himself to them, he bows to the exigencies of control 
and verification which are Implied T^discussion and argument ^ 
and thus comes to replace egocentric logic by the Iriie l^gic 
created by social Idfe." (PC, 302). 

f» 

6. The age of 7-8 marks the appearance of the felt need for under'- 
standing and cooperation in play. (The Moral Judgment of the 
Child, 5 p. 27, I43). 



4 

7. "...the sense of Justice. ..is largely independent of the sit (adult) 
influences, and requires nothir;g more for its development xhan 



Abbreviated LT 



(N.B. ) 



Abbreviated 



JR V 



-'Abbreviated CW 
^Vbbreviatei|l PC 
^Abbreviated MJ 



Statements so marked proVicJe important 
links between the social-interactionras 
primary-cause model and the inherent- 
need-f or-log i c al-frqu i libr ium-ac-pK imary- 
cause model. (Both these models, of 
course, posit physical" experience as a 
necessary mediator. ) 
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the mut*l respect and solidarity vhich holds among children 
V themselles. It is often at the expense of the adult (alternate 
translation; in spite of the adult?) and not because of him that 
the notions of Just and unjust find their way into the youthful 
mind." (MJ, p. 198). 

, 8. Finalism and the omnipotence of man are a ^projection of the 
child-parent relationship. (C\-/, p. 3Tl). 

II. Pressure to Ccamnunicate: Desire to Justify. ' 

1. "l^t is socialized in language belongs only-io the factml 
categories of thought. . .From this age (T-8). onwards ^^^y try to 
improve on their methods 'of interchaqging ideas..:" (l/T, P- ^9) •■ 

2. Conversation, ^th in the form of collaboration and the form of. 
J argument, goes through several stages, involviftg '^r.e and -more . 
^ explicit, precise, and abstract speech^^ (LT, 56^72). 

3. Verbal expression can transform a general sch<ima of experi%ice^ 
into a general 'law. But verbal expres-a»bn depends on the declre 
to,i:ommunicate and convince. (JR, p.,30). • 

\. Logical thought is reached throiigh the. desire to Justify, which 
has social origins. (JR, P- 201-U). . , ^ » 

5. .7-8 marks thjs appearance of a felt need for cooperation in, games. 

(MJ, p. 142). « ; 

What pushes logical development iJ the felt need to feo_ beyond 
the self, consider and integrate other points -of viei^; .^iW 
\ represent reality to the self indfependent of present action^,. 
The child is only motivated to do -this in order to be able to 
• communicate. (The Construction of Reality in the -Child, 
p. 366-T). ' ' . ■ 

• y ■ ' \ V . . . 

III. Preooure to Trfeat one'o own thought as an object pf Thought. ^ , , ■ 

1. Before theu ape of 7-8, the explainer and the listener 'both think 
that all the information has Rotten across, though this is. °i 
course, not true, and can be socially maladaptive. Ex-planations 
are sketchy and touch factual categories only, not logical or 
Causal relations.^ (LT, p. 100-107, 119-121). ' ^ 

2. Collaboration and conflict begin to become verbal 'around -6, be- 
come complex and use logic and^^ausality ar^nd 7 1/2, which 
naturally implies that the child can think about his and his 
pe«i-\8 Miought. (LT, p. 58-72). ' 



^Abbreviated CRC 



Children below XI or so ccLrmot assume "for the sake of argument" 
a point of vim in which they disbelieve. (JR 6U-69). 

- • ^, 

The ability to take ^nother point of view m#«is you have a muc^i 
hai*der time distorting data through over-assimilation or accommada 
tion you are able to regulate your bwn thought. (JR, p. 173-l80). 

Between 7 and 11, treatment of thought as an object^ thought 
is still imperfect. To be able to express a generaiJ^action 
schema, Jthe child must conceptualize it, recreate the action in 
his imagination (constantly checking the mental experiment with 
his memory of the physical one!) and atay conscious of what he is 
doing. ThiB process calls forth, on the ver:bal pl^ne, all the 
.difficufiies that had previously been overccHne on the plane of 
action. Thus the child's verbal behavior displays transduction, 
nonconservation of substance, inability to decentrate or consider 
more than'one variable at once, etc., lom after his actions have 
ceased doing so. It is continued social interaction which keeps 
him trying, so that eventually' the "shifting" (decalage) is also 
overcome, aroundj the age of 11-12. (JR, p. 213-215)* 

Becoming aware of a *cateGory of thought changes the nature of 
that category. (LT, p. 229). "Egocentric habits of thought have 
'a consider'Sble effect upon the structxire of thought itself. 
(JR, p.^ l). 

As the child slowly learns to^ distinguish the world from himself 
^(examples of indissociation in this respect include animism^ en- • 
* dowing things with motive and purpose because motive and purpose 
so pervade the child's J-ife that he "naturally" assumes them to 
be universal), adherences of the two realms of experiences still 
remain "fragments of internal , experiences which still cling 
to the external world." These adherences include participation, 
anijnism, artif icialism, finalism, and the generalized idea of 
force-. Theoo adherences disappear throiigh a growing process of 
self-awareness — 

a. Becoming avrare of "the existence and the mechanism" of one's 
own thought" (examples; separation of signif iers from things 

^ signified; concept of thought^ as inside the head and the 

end of its participation with speaking, the voice, and wind) 

b. Discovery of the inwardness of thought weakens and destroys 
^ animism, strengthens a mechanical view of the world. 

<f 

c. Becoming "conscious of subjectivity/* causes one to^ecome 
rid of egocentricity, which also diminishes finalism and 
artif icialism. (PC, p. 2UU-2U6). 

« 

With increased social intercourse appear two important^^;i«3celop- 
ments — 

■r 



a. Interpretation properly so called — not in accord with 
egocentric pre-relations, but in accord with other possible 
points of view, of which the child's own is only one. 

b. Logical realism begins to disappear, and the notion of 
reciprocal relations is established. The child can see that ^ 
he is a. brother to his'brother, that left and right depend 

on which way one is facing, etc. (PC, p. 2UT-2lt8). 

9. From 2-?, the child has great ease at imitating and making internal 
- images. It is not until T-8' that he becomes fully aware of what 
he is doing and is able to do it deliberately and integrate it in- 
to consciousness as a whole. (Play, Dreams, and Imitation in. Child- 
hood, •'• p. T2-T5). . ' 

Imitation undergoes a threefold progress around '7-8; 

a. There is attention to detail-analysis. 

b. There is consciousness of imitation-dissociation of the ego . 
froft the outside world, and 

c. There is discrimination-use of imitation for particular 
purposes, and those purposes are well understood and identi- 
fied. (PDI, p. 78). 

IV. Experience in th6 Physical V/orld. 

1. The child has no conception of chance (LT, p. ll+7) (PC, p. 277) 
which is an index of the looa of moral realism as applied to 
physical events, but also of increasing familiarity with the en- 
vironment. 

* 2. There is an increase of "how" ^tions,, and of explanations in- _ 
volving physical cause rather than precausality . (LT, p. 221-225;. 

3. The child of 7 begins to look for efficient rather than artif icialiat 
causes of natural phenomena .( cw , p. 288.-9, 295-6, 301-5)- Thio io the 
stage of technical (as opposed to mythological) a^tif icialiom 

(CW, p. 373-1*). 

k. Around 7, the child begins to take a spontaneous interest in 

machines and mechanical explanations. He abandons the vague idea 
that the parte of a bicycle are all necessary, but all unrelated 
(Juxtaposition) for a search for contacts and an irreversible 
" , transmission of force, which quickly develops into the correct ^ 
explanation. (PC, p. 210-212) 
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Abbreviated PDI 
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5. "Once it has libei%ted the appearance of the logical nouns in 
the child, the social environment enables him to become 
•permeable' to experience. And when this faculty has be^n 
acquired, the collaboration of logical reason and experience it- 

- . self suffices to account for the int*ellectual develojment that 
takes T):^ce." (PC, p. 252-3). ■ , 

6. Physical experience is what provides the standards for a child's 
mental Experiments, starting around T.^and reach;Lng logi6al co- 
herence around 11. (JH, P- 213-215)- 

N6te ~ Piaget does not accord physical experience a very. 
^ important causal position in his scheme of causality. It in 
■ ^ -obviously necessary to life- and thought, but I think Piaget 

thinks that • physical experience must be Iboked at in the proper 
^ way before it can yield schenias. concepts, and, contributions to 

. logical growth. * And the original point of view or way of lool^ing , 
at experiene-fe must originate from "something other than experience. 

7. The child understands nature better once he has understood machines, 
(PC, p. 231-3). . . 

8 Around 7-8, a child systematically explores, with his hands, an 
object that he can't see. True conception 6f space is based 
upon activity, not mere perception. (Child's Conception of 
Space. 1 p. 2"2-?9. 3.1-^0). " . 

/. Beginnings of the Loss of Animism' and'Artif icialism. , - . 

1. Animism is restricted tp things that move (leaves, clouds, • 
rivers - not stones or houBes, which were animate previous to 
6 U2-7). "Tew, p. 179-182). This Stage is transitional to the 
A,^r^ stage - only things that move of their^own accjrd excl. 

■ bicycles; machines, etc.) (CW. p. I81), reached about 8 1/2. 

2. "Conscious" and "Alive" are nat synonyms. Forty percent qf the 
children were at the same staf^e regarding both. Forty percent 

• were more advanced' i:egar ding life, and twenty percent were more , 
advanced regarding consciousneos — so consciousness seems to > 
• have a wider extension. (CW, p. 20U-5). , 

3. Animism is caused by: ' 

f Af »i?onpnt.rl nm) ~ , ^ 



a. Finalism (product 6f ef^ocentrism) 



b. Connec^tion of "cause" with "purpose," and 



•^Abbrevlated'^CCS 
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' " ' . . -:6- ' : ^ % 

I / ' * - . * • 

' * 4 ^ * • 

' * • * ♦ -v • 

/ , . • c. Confusion of physical, and moral necessity (both are products 

/ ,^ . --'.'^ •■''of over assimilation of outside world to: existing ischema^, 
> * ; ' known as in'dissociation . and attributing subjective feelings 

. , ' to ob.lects": intro.tectTon. ) (CW, p. 231-2U2). ' 

^ , ' /' . ' ■ ' ^ * . 

• Artificialism is a product of finaliBm, which is i product of 

' " egoaentrifflii. Participation is -felt between the mountains , or 
' the moon, or .anything else, .and man; and this is expressed as 
' ' ■ the human manufacture of something living. (CW, p. 263-2T2). 

- 5. ^Around 7, children start 'to look for an efficient cause — like 
smoke 'as the cause of clouds. (OT, p. 273-28o) (Examples: 'CW, 
; , ^ p.. 273-350). 

6: Inlifferent^ation causes the child to see purpose and plan every- 
where, and he naturally attributes these jflans to men. (OT, 
P* 359). • , ' 

"'7.- Animism and Artificialism are on the way out when the child begins 
to ask '"how," and to feel the need for a causal agent. (CW, 
p.. 373y.lt)». Causes for the decline of animism and artificialism 
are: " ' , ^ 
a., Disillusionment about parental omnipotence -(social), 

. - . b. Decrease of egocentrism,' and. 

. c. Onset of socialization (individual). 

8. The appearance of the idea of "reflex" around 7 is perhaps tHe 

V most primitive technical artif icialist concept ~ air displaced 

V (or created) by a ^ving 9bject |.wirls around behind it and 
helps push it aloif . (?C, p. 2li2U). 

\ 9. The no'tion of a true causality is partly dependent on the estab- 

lishment of the reversible series — processes can also J e un- 
done. Since mental processes are^irreversible, de subject if ica- 
tion must occur before this can really start to change. IPC, 
. . p. 271). 

10. "Causality is the result of a sort of bodily contact between the 
• organism and the world, which is prior to consciousness of self... 
(PC, p. 272). This leads, around 7, to a generally physical con- 
. ception of causality, thoug> the idea of logical necessity is not 
yet present. (PC, p. 277-28l) . ' , 

' ' , ' ■^^ ■ , 

- . Loss of Absolutism and Realism. 

1. The child, moves away from syncretism in his perceptive intel- 
ligence around 7, "though verbal syncretism remains until 12 or' 
so. (LT, p. 128). 
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2. The child moves away from adherences insofar as he becomes' 
aware of his subjectivity, moving in the threefold process 
frohi realisBsto objectivity, to reciprocity, and to relativity 
(social-intellectual,' social, and intellectual) (see heading 
III, numbers 6 and T (p. 3)) (PC, p. 2li6-25l). ' ♦ 

3. The child can come to understand the nature arid' existence of 
general laws through expression of them; he already has, of 
course, a corresponding action schema, but verbal expression 
brings it to consciousness, and gives it a feeling of logical 
necessity, thus moving the child away from exclusive awareness 
of cases and realism. (JR, p. 29-30). 

It. After T-8, a child is able to jijpJce a l^othetical viewpoint, / 
to distinguish hypothesis from reality. (JR, p. 6T). 

5» From T onwards, children are able to think of themselves as 

their brothers' brother (no difference between only children and 
siblings in this respect). (JR, p. 106). Around 8 or so, 
chA-dren are able to Judge right and left from the ^rieVpoint of 
another person, facing them. (JR, p. 10?). Before this, how- 
ever, "brother" and "left" are absolute categories, and does 
not perceive the implied relation. A family is identified, not 
by kinship, but because they all live together in a house. 
(JR, p. 115-19). ' - 

6.' The child of 6 thinks thought is ^dLth the mouth; thought is 
identified with the voice. Around T, it remains a voice, but 
inside the head. (CTJ, p. 39-52). 

T. Until T, the child identifies a name with its referent. From 

T to 11, the identification persists, though the child perceives 
that the word and the thing aren't the same. (CW, p. 55-60 ). 

* 8. Concerning the origin of names, children uAtil T think the name 
is an intrinsic and unalterable part of the thing. From T to 
11, the name was made up by the makers ~ God or first men. 
(CW, p. 63-70). The name is not localized, though it surrounds 
the object, it is in the air, everywhere. (CT'7, p. 75-8?) • 

9. Around T, the child begins to believe that dreams arise within 
ourselves but are actually present in the room. (CW, p. 106-117) 

10. An example of D^calage — around 7, children become aware of the 
rules of the game of marbles, but consider them absolute and 
sacred — at Just the time they are moving away from absolutism 
in perceptive intelligence. (MJ, p. 56-65) • 
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11. Moral Realism ^ Naiightiness depends on the amount of damage, 
(MJ, p. 121-130) not theVintent. A lie is anything that is 
not true, mistake or not^(MJ, p. 139-1 1*6). This is .not always 
the case in practice. A child knows a lie from an error, and 
he knows iow to distinguisb motive from deed. But Jie doesn't 
do it. (There is a. "whole section in MJ on this — p. 109-19") • 
) Piaget thinks moral realism comes from .the sacred character of 
adult rules, which do not correspond to any felt need on the 
child's part. The rules are only comprehended tlfrough in- 
J teriorization"-socialization (MJ, p. l63). Around 7 to around 

11, a lie is wrong in itself — no consideration of the purpose 
of having such a rule (MJ, p. 169). This r^lism is thus not 
entirely sp,ontaneous — it is partly a product of adult con- 
straint, of the -situation of unilateral respect which exists be- 
tween the child and the adult. (MJ, p. 135) (MJ, p- 19h-b) . 

12. Punishment before 7 is expiatory — to pay for having broken a 
rvle. From 7 to 11 it is retribute — to restore Jjalance , often 
to the point of mathematical exactness. The idea that punish- 
ment is valuable as a deterrent .and a reinforcer of solidarity 
does not come until about 11. (MJ, p. 205, 217-l8, 227-32). 
Unilateral respect is present here, too. 

13. Immaneflt Justice ~ the notion that inanimate objects conspire 
to punish the wicked ~ decreases with age (7-8, 73^ of the 
sample believe in it. 9-10,' 5l+7. do) (MJ, p. 253j . 

ll;. 7-8 is the- age when equality wins out over authority. Equity 
becomes dominant about 12-13- (MJ, p. 269, 278). 

15. Between 7 and 9, the child renounces the notion of absolute 
'weight in explaining why objects float, and begins relating 
weight to volume, even bringing the notion of specific gravity^ 
(The Growth of Logical Thinking from Childhood to Adolescence, 

28-35) (PC, p. 136-150). 




VII. -Confrontation with the Inadequacy of Preoperational Modes of thought 
■ leading to invention, romancing, guessing reality testing, question, 
and introspection. 

1. Clapaiede's law "We only become conscious in proportion to our 
disadaptation" (JR, p. 213). "A question is the conscious 
realization of a problem or of the difficulty, i.e., of the 
direction in which to seek for its solution." (LT, p. 227-8)., 

.2. Around 3, 'when the child begins to distinguish the imaginary 
from the real, he also begins to distinguish, and to feel 
discord between, his desires and the realization of them. 
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'(Causality is probably from the latter to the former)... ' 
"The child takes cognizance' of the resistance set up by things 

and people..." Since the child'can^t distinguish animate- from 

inanimate, this discord is perceived as intentional resistance. 

Furthermore, everyt^hing seems td obey some sort of necessity 

which ia both moral and physical. 

N.B. 3. Between 6 sx^^ 8 the child is no longer satisfied with "explain- 
ing away" phenomena in terms of the^most plausible variable that 
comes mind. He wants to find something that can work in all 
cases,^that is consistent Vit^i itself and witli the facts. Pure 
mental experiment (reproduction of the event in the mind) cannot y 
do this — reality does not impose an interpretation. Ratfier the ' % 
child must ask "What if...?" and account W consequences, 
causes, proofs, relations. "We have here an experiment which 
thought makes, not on things, but on itself. In oMer to find 
out what greater measure of fertility or of logical satisfaction 
it will gain from such and such a system of definitions or 
premises." (JB, p. l89-19^; quote is on 193-l»). "Logical 
experiment is therefore an experiment carried out on oneself 
for the detection of contradiction." (JR, p. 23T)« 

U. Considering only one aspect of a perception in order to Judge 
equivalence leads ta incorrect answers, which puzzle and baffle 
the child. Trying outytexp^riments , wh^ch eventually dead >to 
\ the right answer, are partly to gain certainty. (The Child's 
Conception of Number ,1 p. 87). (Can this be called avoidance 
learning? ) 



VIII. Beginnings of the lioss of Egocentrism 

1. Monologue (individual and collective) and egocentric speech 
begins to diminish around 7. (LT, p. Ul-2). 

2. "...egocentric habits hav^ a considerable effect upon the struc- 
ture of thought itself." (JB, p. 

3. Egocentrism prevents the desire for objective proof. (JR, p. 2U). 

k. When egocentrism has diminished to the extent that the child can 
Imagine several points of view toward something, assimilation' and 
accommodation have a much harder time distorting one another, 
and the child is j>n the way ^ to being able to coordinat ^different 
viewpoints. ^^-4.^/ p. 173-'l80).^ 

5. In order to cease confusing the subjective and the objective, the 
mind must become aware of- itself. It;:;4oes this primarily via 
V social contact. (CV/, p. 2U5). 
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6. In the child of 7,^who is looking for efficient causes and 
mechanical explanflttions, ,a lot of precausal finalism remains.. 
(Night is, to let As sleep. Parents/def iMtionl /are to take 
care of \is. ) Andjf inalisih^ is a product of egocentrism, in a 
very primitive fobi. (CVj/p. 288-90)* x 

7. The growth of thiught can be characterized in terms of three 
processes ^oirbh tvoni ^ 



a. realism to jobjectivity; ^ / 

b. realism to reciprocity; 

c. realism to relativity. (PC, p. 2^1-250)/ / 

8. As the t:hild interacts with Ms peers, he adapts Iiltei^elf to the 
exigencies of control and verif ication>^nd so egocentrism ia' 
gradually lost -(PC, p. 302 ).i 

'9. Around 7, cooperation in gai^es, based on rules, begins to appeex. * 
(MJ, p. 28, U3-li7). 

10- On moral issues, such as lying or how to gauge responsibility, 
the chiid is still realistic!;. But in social, ones, such as the 
function of punishment, he ^las moved from realism to a stage ^'of 
equalltarianism (which he overdoes to the point of vengeance), 
which'^is a step away from e^Jocentriapi. (MJ , p. 201-17, 315) • 

• 1 

IX. " Introspection ^ ^ 

1. Genuine introspection is found from about 7 or so. (JR, p. 1^3)-. 
It gets more frequent .until i2 when it is quite frequent. ^ 

(JR, p. 1U3). 

•i 

2. Consciousness moves in an irreiyersible stream — and the young 

kid can't recapture what went on before. He contradicts himself y 
a^d forgets the reasons for his'previous ^statements. 

a. by amnesia — forgetting his previous idea completely, and 

a 

b. by conaensation — hearing two standards or explanations, 
and f6r6etting one or both, or -fusing them in an un- 
intelligible way. (JR, p. 16U-7). 

3. Introspection, and the end of confusion between the self and the 
world, are both necessary for one another and reirjlforce one 
another in a mutually nourishing cycle. (CW, p. 2^5) (PC, 

p. 251-6). - , 
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k The child gains a sense of c^sality through three processes 
a. Desubjectijication of causality , . 

h. Creation of temporal series 

c. Progressive establishment of reversible series. 

. Each successive loss of confusion and egocentrism increases in- 
trospection, and makes possible the next bit of growth. (PC, 
p.- 267-271). 

5. The child begins with "no mpre direct 'cognizance of the self 
than ... of external objects ... it is for lack of having dis- 

\ covered his own subjectivity that the yo\ing child 'feels; his 
gest\ire8% his words, and his thoughts, to be bound up with the 
objects themselves." (PC, p. 272). 

6. "Causality is the result of a sort of bodily contact between the 
organism and the world, which is prior to consciousness of 
self..." (PC, p. 272). 

7. "Corresponding stages are at .Varying Revels, because the in- 
fluence of one belief upon another takes place unconsciously 
and not thanks to a conscious and deliberate generalization 

' ■*(JR, p. 292) i.e., introspection is a product of growth, and not 
a means until fairly late ... For instance — 

8. " -Representative imitation becomes jleliberate and takes its place 

in intelligence^ as a whole around the age of 1. (PDI, p. 72). 
This is partly a result of a growing introspective capacity. 
It is also, very possibly, a means to still further understanding 
of the mechanism of thought. 

Increase in Mechanical Orientation -- Toiwifiacy to ask the Question^ 



"How?". • 

1. A geniiine idea of chance appeals around 7- > (LT, 4- l"*?. 205-6). 

2. The child at 7 begins to look for efficient causes of natural 
phenomena. (CW, p. ^288-9) • This is technical or mejiiate 
af-tificialism. (CW, p. 373-1* ")• 

3. V/ith the dimunition of confusion between the, self and reality, 
animist or artif icialist -explanations are felt as insufficient, 
and the child begins to ask "how" -quest ions. (PC, p. 267-271). 

1*. At the age of 8 boys can pive an explanation ofjriov a bicycle 
works, plus a sps^taneous drawing. This is preceded by a 
stage, lasting until about 7, when the child thinks that all 



' the parts are necessary, but simply Juxtaposes them without 
relating t'hem — egQ, the explanation of t^he movement is 
syncret4.stlc. Boys of this age are ^also .very interested in 
machines. (PQ, p. 197 > 210), At this age, he is also able to 
explain a. steam engine. (PC, p. 223-5 > 231-3).^ 

5. Frcnn 7 on, the child makes' an effort to understand his physical 
models through representative imitation. (PDI, p. Ti^^tTB). 



i 



XI. Reversibility 

1. Irreversibility is the result of the continuous assimilative 
activity of the mind. The child, when^he makes a mental action, 
does' not keep all the terms separate.*" A + B — ^ C, but A and B 
are ^partly assimilated by C, and the child is not even awa^e 
that this hajs happened. (JR, p. i6T-1T3). ^ / 

2. To have reversibilj.ty, you must have imitation to keep A and B 
apart while you are finding C. (JR, p. 177). 

3. From 7-8 to 11-12, mental operatibns tend toward reversibility. 
(JH, p. 189-192). 

h. .egocentric habits of thought have, a considerable 'effect upon 

the structure of thought itself." (JR^ p. l). 

5. In the development of causality, reversibility is indispensible. 
Reversible series must be established, the child must be able 
to see that processes can go in either direction. (PC, p. 270-271) 

6. Around 7, the child becomes able to analyze and reconstruct a model 
through imitation, without distorting it. (PDI, p. 75-78). 

7. Cognitive representation can give an overview of several percep- 
tions, and aims at comprehension as such rather than at satisfac- 
tion of immediate material alms. In order for this to be pos- 
sible, a system of mobile, reversible mental operations must be 
set up. (PDI, p. 238-9). 

8. Around 7-8, the child is able to formulate^ w^h increasing ac- 
curacy, the relation of reciprocal implication. (GLT, p. 7-8). 
To explain buoyancy, the kids around 7-8 stop contradicting them- 
selves and start separating variables and keeping them in mind. 

9. The conceptual equilibrium of thought, is both modile and permanent, 
which means it is reversible. (Psychology of Intelligence, p. hQ) 
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10. Beginning about 6, and reliafty about 7, the child can use 
»^ compensation of dimensions reasoning to coiJfclude that th© . 

amounts of liquid in differently shaped containers are the 
same. This is based upon a. conception of reversibility. 
(CCN, p. 13-23, 29-32^. 

XII. Gradual Loss of Transduction (Juxtaposition plu^ syncretism) in favor 
of Deduction 




i; Syncretism isNnarked by 



a. Rondiscursiveness — ttjoxight fifoes right from premise to 
conclusion in a single intuitive act; 

b. Use of schema of» imagery Pather than concepts*, 

c. Use of analogy, rather than comparison; 

d. The presence of belief and conviction, which dispels any 
need for demonstration. (LT, p. 127)- 

2. Habits of transduction sean to begin to disappear around 7-8. 
(l/r, p. 128). 

3. Syncretism of reasoning — the proverbs experiment — assimilation 
of all perceptible elements of the proverb to a general schema. 
This is used in finding a "corresponding phrase," and there is 
mutual assimilation between it and the phrase. (LT, p. 1U2-3). 

k. Syncretism of perception — a few prominent details form a pattern 
which is noticed and remembered ~ it is because of these details 
that there is a whole. 

5. Children only use logical Justification very imperfectly until 
7-8. "Then" in a logical sense is used only in the case of 
particulars ~ thei€ is no appeal to an underlying general 
case. (JR, p. 32-36). ^ 

6. Three characteristics of child thought — absence of conscious 
realization, absence of general propositions, and^ absence of 
deduction — -are all explained by "Juxtaposition. (JR, P- 57). 

7. Juxtaposition (absence of relations), and syncretism (creation 
of an all inclusive Schema, ) supplanting the details, are com- 
plementary ~ they are both used as substitutes for analyses. 
(JR, p. 59). 

8 Transduction is inference from particular to particular without 
generalization. It is a combination of Elementary relations, 
but without reciprocity of these relations amongst each other. 
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aCnd consequently without the element of necessity- that leads to 
generalization, (JB, p/ I89, 198), 

9, T?he hard thing is to learn to impose a definition and to reason 
within its limits. It 'is tried by the child as an experiment, 
'to see what sort of satisfaction will res\ilt. This is "a 
logiceil experiment"' — an experiment of tho\ight upon iljself . 
(JR, p, 193-U). . ' - 

10. From Tr8 to 11-12, mental operations tend toward reversibility, 
reciprocity, and thus a sense of logical necessity, through the 
development of rigor and of the ability and disposition to 
generalize. (XTR, p. 185-188). 

11. Participation — which is "the ontological equivalent of 
transduction" (JR', p. 303), begins to vanish around 7-8, as 
the child evolves from reeilism to objectivity, that is, com- 
prehension of the fact that an object has no life or will* 

r (JR, p. 2U3-5). ' . 

— > 

12. The development of object constancy depends on three other faculties 

ai. Foresight — ability to foresee the reappearance of bodies; 

b. Coordination of schmata which make it possible to realize 
that ekch of these bodies has lots of interconnected qualities; 

c. Deduction, which makes it possible to reconcile the idea of 
actueil permanence with the apparent variations. CCRC, 

p. 371-2). 

13. The decline of transduction is clearly shown by the growth of 
the idea that something is logically a necessity, rather than 
an empirical probability. p. lUO). 



XIII. Growth of Ability to Decentrate 

1. In reasoning about events, the child is aware only of cases, not 
of general laws. (JR, p. 29, 57). . 

2. The phenomenon of child animism can be understood as two processes 
which strengthen each other; indissooiation of physical and 

• psychological reality, and introjection of the child's o\m feel- 
ings into the objects to which he is attending. (CT, p. 237-2UU). 
These two notions are so persistent because the events to which 
they refer can't be experimentally proven to happen otherwise. 
Only a change in thinking habits can lead to the end of indis- 
sociation and introjection. (CW, p. 238-9) • 
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3. A child of 8 was not able to explain why water rises in a glass 
wheti you put wood or pebbles in. It is t>ecause the pebbl^ are 
"heavy" or the wo6d is "bif^." ' His explanati^ is over determined, 
and he cannot separate out variables ^ like size and v^ight| or 
relate them'/To get density. (JR, p. 18Q-I86)* 

h. The child below T-8 is the victim of misleading perceptions which 
c^use "incomplete intellectual constructions." (PI, p. 130). 

5. The cjiild centers on- one aspect of the beaker (of water or beads) 
at a time — either 'height or wldth^ but not both at once. (PI, 
p. 130-131). ^ 

6. Every decentralization, undertaken to correct an error. Is a 
regulation and a move toweird reversibility and coprdinat iorr^f 
viewpoints. (PI, p. 138-9)- . . . 



Equilibrium between assimilartion and accommodation 

1. When the child is able to take another point ^of view, he is less 
able to distort the data by conflicting assimilation and accommoda 
tion, and blurring of terms. ,(JR, p. 173-I8O). , . 

2. As the child reaches J-8, assimilation and accommodati^Dn tend 
toward reversibility, but achieve it only in the framework of 
certain special configurations. (PDI, p. 277-28l). 

3. Example of conflict between Eissirailat ion and acccjmraodatioil — 
the child is: 

a. unable to take another point of view than his own, and 

, ^ b. very much at the fi^ercy of the opinion of his group in his 
viewpoint arid speech. (CRC, p. 3^3). 

U. Developnent is governed by an inherent jieed for equilibr itun. At 
each stage, the mechanism provided by the factors in existence 
mak«Q for an equilibrium which is still incomplete, and the 
balancing process itself leads thought to the next level. 
(PI,, p. kl-h9). 

5. "The crucial t\U"ninR point for the beginning of operations shows 
itself in a kind of equilibration which is always rapid and some- 
times sudden, which affects the complex of ideas forming a single 
system." (PI, p. 139). 

/ 



Illt List of Behavior Changes "reported by Piaget in 5-7 period 

I. Language and Thought of the Child 

1. Diminution of collective monolopgae (l8, 56-8). 

2. Growth o^ collaboration on concrete fssues - 5-7 (58-63) • 
•» * 

3. Collaboration in abstract thought - from 7 on (63-5) •! 

U. (The growth of conflict . follow^ the same stages). 

5» The growth of the explanation, which allows for the listener's 
ignorance and his point of view — from 7^on (107-120). 

6. Habits of transductive reasoning begin to disappear around 7-8 
(127-8). 

7* The idea of chance' appears in thd child, .thus syncretiistic 
Justifications at any price diminish (lUj-8)'. 

8. The "why" of logical Justification, rather than that of psycho- 
logical motivation, causal and finalistic explanation, of 
Justification of rules (l6U-6) (Extended discussion 171-199)* 



9* Decline of precausality (the tendency to Justify everything by 
syncretistic explanations) (220-227) / 



II. Judgment and Reasoning in the Child 

•1. Correct management of the relation of implication — age 7-8 
(23). 

2. Beginnings of correct management of relation of discordance — 
age T-8 (1*7). / , 

3. Around 7-8, the child can use deductive logic, if he jjersonally 
believes in the premises of the argument (67) • 

Around 7-8, the child can handle relational Judgments (as on 
the 3-brother3 test), though his old mistakes show up on ^he 
verbal plane until 11 (92). 

5. This (#U) is an indication of decline in realism and absolutism . 

6. Genuine introspection is found from 7 on, though only in 
spots (1U3). 
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. 7 The child is able to give definitions of a sort around 7 
(1U9)7. 

8. F'rcjm 7-8 on, mental operations tend toward reversibility 
reciprocity of consequence and cause; logical- necessity (187). 

9. ^Thus, Transduction begins to decline from 7 on. 

r - 

♦ v. 10, The logical experiment is found from 7 on. 

III. The Child's Conception of the V^orld 

* 1. ^ Tbou|?ht moves from the mouih to the head, but the chUd still ^ 
'thinks thought is material (Ug). > 

m 

' ' 2 The child ceases ^o repard names as intrinsically connected with 
their referents, and believes that God or. tl^e first >nan. named 
things, and that the name could have been different (60y9;- „ S 

3. The child cornea, to think that dreams ^rise 'within him; but take 
place outside him, in the room ( 106-117 )• 

U. All these three tilings belojig to the stage of "mediate" realism,' 
- where thought and its instAtaenta are in the surrounding air or, 
op0.ce" aa well aa J.n the body (1^6). 

5 The child restricta consci'ouaness' to thinga that move (wind, 
rivers, bicycles, etc.), rather than attributing it to every- 
thing (179-182)V laata until 9 or. so^. ^ 

6. At about the same time, but probably a "little earlier (aee 
discussion on 20U-5). the child asBirailateo .life to thinga 
which move (199-201). There is no distinction made, here or 

in #U (conacibuaneas) between spontaneous and imparted movement. 

7. 7 is the '^ge when children -hee^h to^- 16ok for an efficient cause ^ 
of natural objects (like smoke f-rom chimneys causing clouds} 
rather than a purely artif icialist one (men or Ood fashioned 
the clouds directly) (288-9). , This set of stages hold true 

for night (290-8); clouds (298-307, thunder and lightning 
(307-311), rain (33-1-320), snow, ■ ice,- and cold C320-326) , 
rivers, lakes, and the origin of water (326-333), trees, 
^ mountains, and earth^(.333-3U9) 

8. The sequence of these s'tages is invariant, but the age at 
which they are attained varies as much as two years, (7 in 
Geneva, 9 in Spain) (306). ' 

9. Around 5 1/2-6 finalism and diffuse artif icialism begin to 
disappear, to be replaced by mythological artif icialism (wh^h 
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involves direct creation of things by men) .^and/this give 
way, around 7 1/2, to "mediate," or technical lirtififtlalJ 
, {369-37U). ./ ■ 

• ■ • ' ' / 

The Child's Conception of Physical Causality/ 

About 5 1/3. the child imagines partlcl^tion of wind ijfcth air 
from the hands, or a bicycle pump, or /breaks/ Bodies like the 
sun and moon are considered living. ^<p." 6-llU -^11/ of ex- 
amples). / 

2. Around 7. the child starts looking tof a physical' explanation 

f^r the floating of boats, the level of water, ahjXdows 'lU2-195). 

3 The child starts looking for an irreversible o.rde;- in the opera- 
tion of machines (211-12, 223-5, 226-236). . • f 

U. VThe child overcomes adherences by three things - becoming aware 
^ how his thought-^orks, understanding that thought is interior, 
and tfie loss of egocentricity (2U6). 

5. The child of" 7 begins to differentiate moral and physical x^es- 
aity from each other (276-8o). 

6. Discovery of thTl^c of relations precedes that of classes 
(298-300). 

The Moral Judgment of the Child 

1. Appearance of cooperation In games with rules, thouf^h the rules 
themselves 'are not well understood (26-8) .. .- 

2. Appearance of awareness of rules, going along with a belief that 
they are sacred and eternal (28). 

■3. The stage of cooperation is defined by a felt need for under- 
standing (1*2).. 

U. Though the child of 5-T submits completely'to the rules in in- 
tention they remain exteri^ to his conscience in practice. 

5. Around 7-8, children begin to switch from objective to sub- 
Jective conceptions of responsibility - that intent must be 

^ taken into "account as well as consequences (12U). 

6. Of course, the child of 6-7 is perfectly able to Judge on the 
basis of iptent. and gives himself breaks this way all the 
time. And some children give subjective Judgments all alonf . 
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So Plaget thinks that objective T'eBponBlblllty 1b a combination 
of the effect of childish thinking and adult constraint. ^ 

• (128-135)5 • •' • " < 3? 

/ 7. -The child of 6 stops thinking. of a lie as a naughty word, and 

begins thinking it is ahything untrue, mistake or not --again, 
he can tell a lie from an error, W does^not make the .distinc- 
tion in^actice (1U2-1U6). .Intention is "morally irrelevant 
• (155). ; . ■ 

7 iawhen the idea appears that one should not lie ^ecause it • 
is vrong in itself . supplanting the idea ^hat one shouK^ not lie 
bechuse "you get 'punished" (168-9). 
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9. - The interrogator!^!^ completely verbal, as regards lying- It is ■ 
^ possible that wf have d^cala^e "here - the child^s verbal behavior 
' lagging some ye^s behind his situ&tionalW psrceptive beliavior 

(18U-5).. 

10. 7 is when punishment ceases to be regarded as expiatory and 
becomes retributive ~ to even up the score (201, 226-T ) • 

11. Between 6 and 6, equality of treatment becomes the dominant part 
of distributive Justice, overcoming the more primitive idea o^ 
unconditional obedience (278, 281t-5). 

12 Piaget links the development of a sense of Justice to peer »^roup , 
socialization, rather than emulation of yadx^lt^^xoni^le^ ' 

* - ^ 

VI. Play, Dreams, and Imitation In Childhood 

1 Around 7 or 8, imitation ceases to be egocentric and. frequently. 
■ unconscious, and begins to become deliberate and purposive, taking 
its place in intelligence as a whole (72). 

2. Imitation changes character in three basic ways around 7-8. 

a. Imitation becomes detailed, involving analyoio and recon- 
struction of the model; 

b. The child becomes progressive^^ aware that he is imitating ^ 
he separates reality from the ego; 

c'. Thelihild, rather than imitating because of failure to dif- 
ferentiate himself from hie environment, or for some im- 
mediate satisfaction, begins to use imitation as an aid to 
the fulfillment of needs; thus imitation is controlled by 
reflection (78). ^ 
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3. Appearance, between 5 and T, or games with rules — social 
games (lU2). 
A 

k. Symbolic games diminish after U or so, to be replaced by," or 
transformeai^nto, games with rules (lU6). 

5. Assimilation and accommodation, between U and 7, tend toward 
• equilibrium, but achieve it only in the framework of some con- 
figurations — bound up with inmediat^ experience {2k3-h). 

VII. The Construction of Reality in the Chil^ ^ . 

1 During the transition from sensorimotor thought to the higher 
levels of thinking, the child is less advanced on the verbal 
plane than he is in action -- this is decalage (361). 

2. The preconceptual child is both 

a. unable to take another point of view than his o>m, and 

b. extremely suggestible, amenable to molding his ^ peer group 
■ . or adults in hiS deeds and utterances. This is the effect . 

of the antagonistic operation of assimilation and accommoda- / 
. ' tion (363). 

3. ' Development is constantly spurred by the need to go beyond the . 
self, to account for other viewpoints, in order to be able to - 
ccsmmunicate (366-7). 

' U. Three processes are involved in the development of object 

constancy: » 

a. Accomm6d^tion of organs which makes it possible to foresee 
the reappearance of bodies. 

b. Coordination of schemata which make it possible to endow 
each of these bodies/with a multiplicity of interconnected- 
qualities. 

c Deduction peculiar' to sensorimotor reasoning which makes 
it possible tt) understand displacements of bodies and 
reconcile their permanence with their apparent variations 

(371). 

5 The preconceptual mind seeks satisfaction at the expense of 
. truth of consistency and logic. (Through the social process. 

satisfaction is bound up with truth and logic. Through- physical 

>V ■ ' * . • 



experience, triai^. and error, and maturation of the brain and 
sense organs, t4ie sort of conceptions involved in logical thought 
become possible. The first process provides the motive; the second, 
the ^eons.) (Page 38U, also a little speculation). 

6. Prom 2 to.?, the child meets and overcomes, on the plane of pre- 
conceptual thought, all the obstacles which he encountered on 
the plane of sensorimotor thought from 0 to 2 (357-8) • 



VIII. Logic and Psychology 

1. Appesirance of true reversibility and object constancy on the 
plan4 of thought (l3-lU). 

2. Development of a logic of classes and relations, the relation 
of seriation, inclusion, m\iltiple characteristics (15) • 

3. Dependence on concrete data continues — conservation of weight 
follows conservation of substance by a couple of years (IT). 

IX. The Growth of Logical Thinking from Childhood to Adolescence 

- 1. Appearance of doncrete operations (internalization of actions 
plus their gradual integration into reversible systems) around 
Tip. 7). . - 

2. Efforts to eliminate contradiction or confusion in explanatiuns ^ 
begin to appear arovnd 7 (28). 

9 

3. Children begin to assign multiple attributes to objects, along 
more than one dimension, to make physical explanations (2bJ. 

It. Kids start to be able iio compare a,nd seriate objects, tVugh they 
are (generally unable to pick the proper variables for solving 
, the problem at hand (U9-50). Nor can they control experiments 
(71-73). ~ . ' 

5. Or, if they do reach a dedu(^on or generalization, they can't 
'explain it, necessarily (96-7). 

6. In the colorless chemicals experiment the child of 7-7.6 does 
not make permutations — he tries each with g, or all .with g, 
but not 2 or 3 at a time.' 

7. -In a weight-lever-fulcrum experiment, the child can perform 
operations on weight and distance, but only on a few states — 
otherwise he gets confused (l69-17l)- 
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8. Thus children at this age can rationally discover correspondence: 
but their explanations are still syncretistic, and their attempt 
at coordination are very reminiscent of Juxtaposition. 

Psychology of Intelligence 

1. Through- the process of egocentric and intuitive thinking, the. 
child ignores some things (inability to decentrat^). But, 
simply because he wants to operate effectively, he must learn 
to take account of as many aspepts of the situation as possible. 
Ignored relations trip him up. Felt contradictions cause 

, dissonance. Every detoiar he ma^es impresses upon him another 
point of view. He learns by experience (138-9) • 

2. Conservation of a whole begins to^take the form of a logical 
certainty rather th^ a probable induction ClUo). 

3. Deduction begins slowly to replace mental experiment (lUo). 
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STAGE I. UP TO U OR 5 YEARS OP AGE 
Child's Conception of Number 



Nonconservatidn of continuous quantities (5-13)» 

Nonconservation of discontinuous quantities (25-29) • 

1-1 correspondence is lacking — compressing a group of objects 
reduces their number — "there are less of them." (U3-UU). In fact, 
the child has no notion of number — he Just fails to "differentiate 
between number and space occupied (U8). 

XJie child's incapable of duplicating a given numbqr of objects 
he merely tries to match their general appearance (86-87)/ 

...Children can neither seriate a set of objects nor make a i>l cor- 
respondence with an already seriated set (lOl). 

In ordinal correspondence — picking equivalent objects out of two 
series (like finding the third-frcan-smallest ) , which are not neces- 
sarily arranged in order — the child uses no system at all — • he 
picks cc^pletely at random (IO6-IO8). 

When trying to seriaifi ten sticks of increasing length into a stair- 
case, the child tends to take them in any order, put their tops in 
a staircase pattern, and ignore where the bottoms are (12U-126). 

In a series where each object is as many time*:* as Ic-'^ as the first 
as its ordinal value (object #2 is twice as long, is 5 times as 
long, etc.), the child does r^t know how to find how many times card 
1 goes into car.d n (135-136). 

If given a lot of brown beada a^d 2 or 3 white beads (all wooden), 
the child says there are more brovm beads than wooden ones. He can' 
think simultaneously of the whole and the parts (brown and white 
beads). A whole can't be divided into two parts and still retain 
its identity as a whole ( 171^17 i*). 



Child's Conception of Space 

The child is unable to distinguish between figures that he can only 
touch and not see, except on simple topological bases ~ open vs. 
closed. He does not explore the object — he grasps it only once 
or twice. And since action is what leads to imitation, and imita- 
tion is what leads to images the child cannot draw or recognize the 
object (25). 
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2. The child's represerjt^tion of visual objects (like a drawing of a 
man), observe topological relations (proximitar, separation, order, 
enclosure, continuity) only in simplfe shapes, or with small numbers 
(l»9). ' 

3. In copying geometrical figures, the first distinctiofi is between * 
opeB-Tarct^osed figures, then the other. topological relations are 
observed. After that, straight and' curved sides begin to be dis- 
tlnguiahed. 

U. The /child is unable- to reproduce a series of objects. He can only 
coordinate pairs — put two objects in their proper relation 
(B3-88). 

5. /The child cannot tie a knot, and can't recognize a knot if it is 
/, tightened or loosened a little (108-113) • 

/ / 

L Questions concerning subdivision of a square or lirie down to its 
final elements are not understood by the child (128-129). 

7. The child cannot construct a straight line out of a series of objects - 
he has no idea what cotistitutes a straight line, in^e sense of a 
symbolic image going outside the field of perception. 

V The child is 'unable to make geometrical drawings at all. 

9.\ The child has no idea Of a shadow projection. He describes the ob^ 
\ject as he knows it is, regardless of the shadow's appearance (197). 



10. 



11. 



The child has no notion of the surface of some water in a Jar. He 
draws a scribble without boundaries, sometimes even going outside 
the Jar (38U-387). * 



Placing a doll on a model terrain, in the same spot as the experimenter 
places a doll on an identical terrain ~ the child puts the doll in 
a similar "ground" observing topological relations like proximity, en- 
closure. Left-righf, before-behind relations are not considered, ir 
tho child's model is rotated, he pays no attention to the changes^of 
perspective and reversals of relationships which that requires (423;. 

12 Copying the layout of a model village ~ the child observes no 

spatial or numerical correspohdence ; at best he copies a few proxi- 
mities. But he may end up with twice the number of objects in his 
~ copy as are in the orig3|pal, all in one corner (U30-U31). 



1. 



The Child's Conception of Geometry 

■between more than two objects (7-ll)» 
2.- copying a tower made out of MocKs ^^l^^^^'^' l.f^^^^^^^ 

llr^'^^Z^TsTellZ^^^^ n^heLSt^ihich they pay^at- 

■ T!ntion to bu^ only vague similarity of detail. As they approach 
St^e ?I a^d heg?n L ^concerned with height, they compare only the 
of the toners, not their relationships to their bases, which are 
on different levels (33-^0). 

PlosS together if something is put between them, and become closer 
. -yt? S til intervening obJectCs) take up "J^^ fJ^Hl, 

is on a higher level than the other, the ^^^i^f '/^J^e^'^^Iy 
from the object beneath to the object above than it is the other way 

(73-75). , • - 

U. If Shown a straight stick ani a wavy ^^i'^^' ^^^^/^t^^'/afs^no'Sten- 
they are equal if Ahe far end points are aligned P^^^.^" 

to decentralj^ tt-om the endpoints (95-96). 

5. 'Measurement of/the length of a zi.zag P^le'lf StSeT^The solution 
eration of a/very short strip is impossible at Stage ^- ^ 
involves a concept of subdivision (of the ^-^-^i^-^if^ I'^e mill 
to the short strip) and orderly change f P"^"/"^^^ "^^nded) . which 
strip so that each "'eaWement begins where the last J^;^,^,^. 

are not differentiated enough in ^J^^^^^^^J J^^J 1°^ the child often 
• "Steps" are arbitrary in length, if they exist at all 
simply runs bis finger along the line (117-123). 

When asked to duplicate the Journey of a bead ^^l^^^f^^l,^^^^^^^ 

the Children merely ^^^f^^*^^, -^i^^iifrs^Irrused U to verify 
of departure at all. Measuring xiibu vppda started from 

t.e all«™e„^^ints U31-137) • 

different ends of equal, parex±±e±, nuu. ^^.x© 

The child is unable to put a point on a f f /.^P^^.^^ ^She^'Le 
position as a point °n -other identical t of paper, ^^^ey^ 
no attempt to measure , and instead make a pure^j^ 
(156-157). 
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8. Children are unable to copy an angle, except by visual measurement 
(17U). 

9. In copying a triangle, the child works entirely by guesswork,, and 
makes no measurements at all (l85)/ 

10. Children do n6t under sts^ the problem when asked to add "P the 
angles of a triangle (l^^97). - • 

11. The geometric^ loci of a circle and a straight line are beyond 
/ children at Stage I, since they have no real notion of d^.stance 
' (210). < 

12. Children are unable to conceptualize a mechanical path of movement 
before it occurs (229). > 

13 Measurement of " area (by super imposition of smaller units) is Im- 
possible at this stage. Children do not conclude from seeing that 
it takes more small units to cover area B than area A, that area B 
is larger, because the middle term is not conserved, and thus their 
thinking is intransitive (292-29^). 
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STAO^ II. k or 5-7 YEARS OF AGE 



CKi^d's Cpnception of Nvnaber 

1. Conservation of continuous quantities- within n'arrov proportional 
limits (13-16). 

^ .2. Conservation of discontinuous quantities within narrow proportional 
limits — but the child thinks that two strings of beads, made from 
the supposedly unequal amovints of beads in each glass, would be of 
equal length (29-32). 

3. 1-1 correspondence is intuitive, and cannot cope with large perceptual 
changes, such as compressing or expanding the row (UU-U7), hut the 
lability to do so arises aroi^d 6 years of age {kl~k9). 

U. When asked to duplicate a number or set of objects, the child becomes 
very meticulous, but is still throvm off the track by perceptual altera- 
tions. He is not yet capable of abstract, reversible coordination 
(87-89). ; 

5. Th6 child becomes able to seriate a set of graded objects, and to make 
a correspondence to an already seriated set (100-102). Seriation and 
correspondence are intuitive and perceptual, and th? approach is trial- 
and-error (lOU). 

6 If told to pick equivalent objects out of two rows, children count 
from the end. (They alao make a coftsistent mistake. If they are to 
pick object #5, they count' up to it, but not including it — they 
count through k, which U the instrumental number. Then, on the row 
where they must find the fifth object, they count up to k again, and 
then say that it is the one they want. Piaget explains this by saying 
that' U, being the number on which the child is relying to find the 
proper object, remains conscious while its relationship to the proper 
object does not.) If the series is dlRorranged. number is conserved, 
but efforts to find a corresponding object are random (110-110). 

7. Children can arrange sticks into a staircase (a series of increasing 
length) after trial and error ~ it is hard for them to remember that 
something is "larger than" the sticks already seriated, and smaller 
than" the sticks not yet seriated (126-129). 

8. In an incremental series (card H2 is 2 times as long as card #1, card 5 . 
is 5 times as long as card 1, etc.), the principle of increment is 
understood, as well as the relation of size to position, but h^ does 
not apply this to numbers larger than four. He tfies to divide the 
card mentally to see how many times card #1 will fit in. Thus he does 
not possess true cardinatlon or ordination (13T-138). 
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9. If . child IB «ive„ . lot Of hrovn few f "^^-^^^^S ^jllj^irion. 
tvi^ ouestion "are there more wooden heads or brovn headsl w 
^^\!rto Zte M effort to conceptualize the hrom heads twice, once 
Jl^tfthe w^e "adafahd once without, hefore the answer oecome. 
operational (175-177). 

* 

mv, r,v.■^^A nt this Btaae is capable of ordination and card ina- ' 
S^"-y -- '^^^i aL^?^ He Bolveb problems by trial and error. He 
tion. but-not operationally. a series necessarily 

does not grasp, for instance, that a ^t^ven po pbsition and 

corresponds to an exact ^-dina^ v^ue; he does not kee^ 
value both in mind at once U50-152;. He cannou ' 

tlonal wa.. a cardinal l^^^^ ^^^^'^JlZ HT'^ r^^re^^fto - 
larger than card »! is card #5?}, gte* #10?). Being 

c^nal (HOW many stairs have ^l^^!j/J^^°Ve^ of a series of n 
to determine that the nth ^^^^^^/^^^f Xm^(l52) . Likewise, 
stairs is psychologically ^Pf^^^^lJ^'^f./^^'.f^hrone preceding it and the 
the invariant relation of a term in ^/f .^^^^^^ /perception , with- 
one following it cannot be borne in ^^"^'/J^fP^^^'f ,°araSerLtic is that 
out an operational construction whose most important characterise 

it is reversible (15U-155). 

Through Physical experience, the child at f^^^^^^^f^^^^^^L^S 
behave in object constancy, conservations ^^"i^^'^^^' ^he other 

tion between ordinal and cardinal numbers in a series, 
things he 3alls obvious by Stage III (20U-205. 223). 

Child's Conception of Space 

2. Drawings of a man tal.e more c«nplete account of topological relation- 
Perspective and distance are not ohsenred I5i;- 

flonres the kid differentiates euclldean 
^sLrr-tr°p::::rtfon^rs!des!\^her of aide.. The ohli,ue line 
(as in a rhombus) is mastered (60-aoj. 

U. The child can copy series ^^^y^-^.r^ir^'cX "omfnor 

put his series in reverse °f ^/^^^^^^^rhe -^tate hif copying 
can he build his copy into a circle, can n 
•ffnrts QQO so that left-right becomes up-down. By the ena o 
^he Thild is able to transpose his copying into a circle (88-96). 

5 The child learns 'to grasp the dynamic tran^ormations of a knot- 
looseninR or tip.hteninR (118-123). \ 



II-3 



6. Questions on the idea of a point and of continuity. The child at 
Stage- II is dominated by static perceptions. Thus, when asked feo 
draw the smallest possible square on. a sheet of paper already con- 
taining a square, they edge downwards bit by bit, rather than extra- 
polating from the square they see to a very tiny one — successive 
approximation when asked to subdivide a line ultimately, they wind 

up with 8t line about 2 mm long and say it can't be divided any further. 
If you ask him what the shape of the ultimate end product of the sub- 
division^ will be, you find that it will be the same shape as what you 
started with — for a square, a square; for a line, a line, etc. And 
the child insists that it is impossible that a line, a square, or any- 
thing else, can ever be made^^©ut of points and be continuous at the 
same time. All these things^are explicable by reference to the 
Stage II child's heavy reliance on perception, and his inability to 
conceive of something (I.e., a square) as one of a large number of 
squares of vailing size, or as made up of imperceptible elements, like 
points. Points, are not conceived by the child — his ultimate 
elements all We shape. Since a point can't be perceived it is not 
"real," doe6 not exist (130-138). 

7. During Stage II, the child learns to construct a straight line, 
parallel to the edge of the table, or against a neutral ground, but 
not obliquely to the edge of the table. At Stage IIB, a line can be 
constructed oblique to the edge of the table, by the operational con- 
struction of sighting along the line. This is operational because it 
involves imagining, all possible points from which to view the line, 
and finding the best one for determining whether the line is straight 
(165-170). 

8. At Substage IIA, the child cannot draw a figure in perspective (i.e., 
a circle tilted away from the child to make an elipse is still drawn 
as a circle). Representation of perspective demands awareness of a 
point of view, and of its effects on, the object's appearance, and of 

. the fact that the observer and the object are. in the same sp^ce which 
extends beyond them both (176-178). 

At Substage IIB, the kids are usually able to match the perspective 
in which they see the object with the correct drawing in a series 
of perspective drawings of the object, though their own drawings tend 
to compromise between what they see and what they know the true shape 
of the object to be ( 182-181* ). 

9. The child understands that there is a relation between the orientation 
c©the object and the shadow it will cast, but he does not generalize 
this. He says that the shadow of a pencil end-on will be a small circle, 
but he assimilates anything short of that to the schema of a pencil 

seen full-length (197-199). 

10. In an experiment with a 3-dimen8ional landscape model, where a doll 
J is placed in a different position than t}ie child and the child is asked 
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what the dc>il sees, the child at Substage IIA merely reproduces his 
own viewpoint. But he is aware that the appearance of the model will 
change if it is viewed from somewhere else — he can put a doll at 
the point of view of a flat pictifre of the model. After the child 
himself has moved, he can reconstruct his previous perspective from *- 
memory. But to anticipate a perspective he has not yet seen involves 
decentering and virtual rotation of the model, which are beyond him 
(215-222). At substage IIB, the child realizes that the view will be 
different from elsewhere, but he does not rearrange the internal 
elements, reversing left-right and bef ore-behind — these relations 
are still considered "realistically" — as absolutes (223-233). ^ 

The child can't imagine what a geometricaj. aection of a solid will 
look: like before it^ is made. He draws the object as he knows it is, 
not according to any particular viewpoint, and tries to include every- 
thing, inside jand out (251-255)- At IIB, the kids represent the act 
of cuttin/i; itstelf as a simple straight line going down or across their 
generalized picture, and a little later, they begin to curve the line 
to try to reproduce the shape of the cut- solid, while including other 
parts of the solid in defiance of the laws of projective/geometry 
' (255-258). / 

Rotation and Development of Surfaces — -at Substage IIA,\ the child 
draws an object (cube, cone, etc.) as only one salient filature — 
a cube is a square, a cone is a triangle^^^a circle, whether the 
object is folded or unfolded. At Substage IIB, the child indicates 
unfolding in rudimentaapy-ways — using a line to indicate the direc- 
tion of the unfolding^ When asked to outline a piece of paper that 
could be folded into the desired figure, he draws the figure somewhat 
larger (299-80, 288). y 

Affinitive Transformation of a Rhombus — using a pair of extensible 
tongs. At Substage IIA, the dliild gives the rhombus no definite 
shape — he can't really anticipate the future shape of the rhombus. 
He does not conserve parallels, either. At Substage IIB, he still 
does not conserve porallelity or length of ' sides, but he does admit 
that the ^ea of the rhombus will reach a maximiim size an4 then begin 
to shrilnk a^ain, though this change of area is assimilated to a con- 
cept ofl change in absolute size (308-313). 

Similar figures and proportic^is Substage IIA — the child cannot draw 
a similar triangle to one he is- shown, either inscribed, circumscribed 
or adjacent. There is no parallelism between corresponding sides, » 
angles are not equal. Nor can the child pick one out of a number^of 
triangles as similar to the model. At Substage IIB, parallelism be- 
gins to show up, especially with equilaterial or obtuse isosceles 
triangles, or if the enlargement of reduction of size is small so 
that corresponding sides are perceptually near each other. Vfhen 
parallelism is achieved, it is by successive trial and error. 
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Judgments of dimenalonal prpportion are still primitive, as the . 
child's greater error witlT rectangles shows (327-332; 3U3-3U6; 356- 
361). 

15. Systems of Reference — if children are asked where the surface of 
colored wat«x- in 6. Jar is if the Jar is tilted, their answers indicate 
lack of a frame of reference, the sides of the Jar, or the horizontal 
on whi<?h the Jar rMts. The water is imagined, at Substage IIA, to 
move, but its aurfdcK^s always parallel to the base — thus as the 
Jar is tilted, the water is represented as moving toward the neck; 
increasing in volume. Houses and trees- are drawn as perpendicular to 
the slopes of hills, rather than as upright. At level IIB, the child 
draws some compromise between, the tilt of the base of the Jar and the 
horizontality. when asked to draw the surface of water in a tilted 
Jar. He still does not relate to any frame of reference — he Just 
dpaws -it oblique to the Jar. He also fails, muQbr of the time, in 
Ziklng the water surface flat — he draws a curved line. He puts the 
Irees and houses vertically on the , hillside at first, though he 
generally forgets and begins drawing them perpendicular again i30T-'*0i;- 

16. Placing a doll on a model terrain — At Substage IIA, the child taJces 
account of relationships between the doll and 2 or 3 objects, or t^e 
model as a whole, usually putting; his doll in the same absolute posi- 
tion, neglecting rotation of the, model. If the experimenter s doll 
is placed next to a landmark, the child will put his. doll next to 

' the landmark" regardless of rbtation, and some vrlll try to coordinate 
the left-right relations, though they do -not succeed if the model 
is rotated. At Substage IIB, the child becomes aware that rotation 
reverses relationships. He can coordinate them', though only one at 
a tlm? and only later multiplying them. This is an intuitive, not an 
operational process (U2U-U25). 

17. Copying thV layout of a model villag*. — the children ^bstage IIA 
do not use the board as a set of axes. They form simple relationships, 
mostly between two or three objects, but do not coordinate xneae with 
the rest of the objects. Distance is generally ignored. When asked 
to make drawings. Stage II children Just put the objects in a line or 

a curve, sometimes trying to represent greater distance by drawing 
the object smaller, biit their are generally unable to convey the idea 
of background. They also fail to maintain a consistent point of 
view in the drawings (U32-U36). 

»- . 
The Child's Conception of Geometry 

1 When children are asked to draw a map of their neighborhood, or of 
how they go to school, they do not keep the landmarks in proper 
• order, nor do they respect relations of distance (ll-lU). 
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2. Copying a tower made of blocks, starting from a lower elevation. 
The child at Substage IIA concentrates solely on manual transfer — 
physically putting the tvo towers next to each other — as a check of 

# height. This is done in detail — block by block ~ as well as over- 
all. At Stage IIB, they begin to use their bodies as a middle term, 
streljching their arms, or marking a point on their legs while their 
head is to represent the tower's top, etc. As they near Stage III, 
they begin using physical objects as conmion measures, though in a 
faulty, uncoordinated way. The middle term must be the same height 
as one of the l^owers, or it must look like the thing being measured. 
If it is too short, it is rejected, since these children cannot use 
the concept of a unit (I4O-56). 

3. Distance relations. Children at Stage IIA can construct an overall 
distance between the separated objects, though they still claim that 
this distance will v«ry with the thickness of the screen between them. 
They claim that thefdiltance is reduced by an amount exactly equal to/ 
the thickness of the screen. They still think that distance is 
asymmetrical if there is a difference in height. Distance is und« 
stood by these children as empty space. They have no idea of J^^famon 
space" which can be either empty or filled (75-80). At SubstSf^e IIB, 
children think of distance relations as symmetrical despite differences 
in height, but do not conserve overall distance. Alternatively, they 
do conserve overall distance, but think that distance relations .are 
asymmetrical. In the first case, distance is still equated with empty 
space, but the child is able to take the viewpoint of the two^Jects 
involved and thus sees that distance between them is the ^aiie^K^ , 
ways — it is no longer bound by an egocentric schema of forVWa 

and "backward," or "far" and "near." In the second case, the child 
reasons that since the fif^res have not moved, the interposition ol 
a screen does not alter the distance between them. But his considera- 
tion of reciprocal distance is still contaminated by dynamic considera- 
tions (80-83). ^ 

U. If shown a straight stick and a wavy stick v;hose endpoints coincide, 
the children say they are the same length until Stage IIB, when they 
realize that it would be further to walk on the wavy one, or that the 
wavy one could be stretched out full length (9't-^5)- If they are shown 
two equal straight sticks, and one is staggered, they do not begin to 
get the right answer until Stage IIB, when th*ir answers are still 
intuitive (198-200). 

5. Measurement and comparison of two zigzag lines by using a very short 
strip or paper as a unit of measurement is impossible at Substage IIA. 
At substage IIB, the child begins to understand the principle of 
unit-iteration, but they apply it in a preoperational way. The steps 
are of unequal length, or do not cover the whole line (123-125)' 

6. At level IIA, children cannot duplicate the partial movement of a 
bead along a string except by aligning the beads, ^t IIB, they begin 

j :; 1 0 
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to becone aware of the relations between the distance traveled abd 
that which ia left, and of the effect of having different or unaligned 
points of departure* Their understafiding is. intuitive, however and 

When they, try .to measure l^^^^l^t^ ^^^'^^^^^ ^ 
of the striiigB. or forget to mark tm exact piace wnere uuc 
^^aln^t theluier. etc. • They are able to understand the oP-f J^J^^- 
voked on a qualitative level, but are unable to apply it quantitatively. 
■ Qualitativefy. they see that the length of the 1» "^^'^^^^3 • ^ 

into fleeting intervals, and they are able to compare 
1^ measuring them but are unable to coordinate these underatandings^ 

(137-1U2). 

7. When asked to pii^ point ^on a piec? of P-P^'- ^J^/rsS^m ' 
point on another>i4«itical sheets of paper . ,»*/^*f ' ' 
make a purely visual>Btimate, sometimes aided by * '^^^^^ • . i\„„„ 
Stage iS; most of them make one oblique measurement from the corner 
of ?he pa^e. and try to preserve the inclination of the rvder when 
moving it from one sheet of pafier to the other, but they have no way 
to make sure the slope will be the same (152-161). 

8. When asked to copy an angle, children at Stage IIA ^ 
At IIB they measure both lines, but have no way to measure the slope 

(1T6-1TT). 

9. The best that kids at Stage II can db in copying a triangle to 
measure all three sides without checking the angles at all; thus their 
triangle does not close properly (185-I88). 

The childre>8%*,that the angles of a Lxiangle Su'^till 
together) makeT semi circle, but they are not sm-e that this will still 
be true if their order is changed until the end^of the stage, and even 
then -do not generalize the result to all trianglep (197-190;- 

Cnildren learn to handle the loci of a circle and a straight line in- 
,lll%Tly. They begin by being able to make an f "f^^^^^^i^'.^ej 
to locate a midpoint between two points by visual ^^^^ 
do not generalize the midpoint in both directiona. as ; 
T^eJ begin generalizing toward infinity at each end. and toward con- 
tinuity throughout (212-220). 

Children assimilate the idea of a simple rotation "^^J^^ 
Of the object - they imagine that a rotating ^^^^f J^/i.J^^^f,^' " 
triangle, etc. Complex motion is not e^^«P«^/"^J„f "^i,^^^" 
they start making compromises in the proper "^f'f ^^f 
motiona((for instance, rotary and linear, producing a, cycloid) are 
frequently Juxtaposed rather than combined (23b-2U5). 

Subtraction of smaller areas from a large one " thej-«^jind«- is ^ - 
judged smaller if the smaller areas are scattered than if they are all 
together Sometimes the children will say that the remainder is equal 
fS 3 bJ;;i1 -earm any position, but not for U. Thi. is articulated 
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intuition at work. "These results are especially instructive... ■ 
because they show the almost imperceptible gfadatipn from failure 
bf all composition, through intuitive composition, at first simple 
and then- articulated, to operational composition. Each new (sub^ 
traction which can "be made from both areas, whatever its locatiofa) ^ 
without disturbing the recognitions of equality marks a step forward 
.in develojment, until the point is reached when the solution is 
generalized to all possible' situations" (26l). 

Conservation of area through change of shape^ is absent at substage XIA. 
"Area" is an abstract concept — what the child notices is that the 
shape has changed, or that the area covered by the ^P^^-^ P«f 
seems larger than the area covered by the parts compressed together. 
And even if the children see that the number of units is the same, / 
they do not think in terms of fixed sites as a frame of reference 
(277-280). At Stagi IIB, children proceed by trial and error, em-\ 
pirically, to eliminate some of#heir errors. The child's powers of. 
f^^^lon can encompass chan^I of shape that are n6t too drastic, 
but beyond th^t limit, area i^a^ain not conseryed (281-2B'*). 

Measurement of areas by superimposing ^^11^^*^^^^^?^^*^!!;/^ 
still perceptual and nonoperational at Substage IIA. At IIB ^ the 
Sildren adiit that if it takes more small units to cover B. then^B 
• must be larger. They will also-.admit that the cards which covered B 
are equal to B in area, even when the cards are all spread out (295).. 

subdividing ar*s - concept of fractions. At Stage IIA, children 
can cut a cake in half, sometimes Mto quarters as well. When asked 
Tc^ the S^e intaU'pieces, thef have no idea of f^act-ns - equ^^ 
and Shaustive portions of a whole. They grasp f ^^^J^^J. 
by Stage IIB. They hav^ trouble dividing the cake into ^^^^^^ f 
fifths! because they lack an anticipatory schema for what thirds or 
fifths should look like (312-320). 

Doubling an area or a volume is impossible. Even with a line, the 
children do no more than make an arbitrary increase in^length. Wh 
asked to double a square, they increase each of the sides a xxttle 
(339-3U2). 

The child at Stage IIA does not understand compensation 
in volume. He compares two blocks -built of small cubes only^in terms 
of the longest dimension, which he refuses to exceed, even if ^^e 
other dimensions of his block are much smaller than ^^e corresponding 
dimensions on the original block.. By HB. children -^f^J-^^*^^ 
height of a model t6 compensate for a smallfer 
-exceed it enough - they Approach the problem intuitively (360-370). 
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STAGE iri. 7-11 • YEARS. OP AGE 
Child's Conception of Mumber 

Necessary conservation of continuous quantities ( 16^). 

Necessary conservation of discontinuous quantities ,.{32-Uo). 

The child, gains an abstract notion of correspondence, and can duplicate 
a set, despite changes — i.e., he has reversibility (89-92). 

5he child is able to seriate a set of graded objects by use of logic 
(89-92). ' ■ ■ 

When told to pick corresponding objects in disarranged series, children 
first arrange the whole series and count, and, later arrange the series 
only up to the number they want ( 119-121). 

Chile's Conception of Space 

The child's haptic exploration becomes methodical and parsimonious. 
He considers and rejects possibilities as he goes along (2l). 

"Visual Realism" in drawing ~ tries to take account of perspective, 
distance, and proportions — projective and euclidian relations are 
beginning' to emerge (projective relations are those between figures, 
relating them according to points of view and perspective. Euclidean 
relations *are those among fig\ires with relation to a framework or 
coordinate system, conserving not only shape, but size.) 

The child slowly learns to reverse the order of a series, by trial and 
error (98). 

When you ask a child about ultimate subdivisions of a square, a line 
and a triangle, you find that he has mastered the operations of seria- 
tion and subdivision, which have become functionally reversible. But 
these operations break down beyond the limits of the visible and 
tangible, since concrete operations are not hypotheti co-deductive in 
character ~ the children still have no conception of infinity, until 
Stage IV (11-12), though they begin to talk about "millions around 
the age of 10 1/2 (lUO-lk?). 

Children can represent perspective more accurately than before, though 
they still make errors. For instance, they do not draw the cross ties 
on a raiSroad closer together as the railroad recedes into the distance 
until late in Stage III (substage IIIB) . The reason ^is that they lack 
a real extensive quantification, or a sense of real continuity ~ the 
same problems which prevent then from comprehending indefinite 
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subdivision or continuity in experiment 6 (187-I88). At Substage IIIB, 
the child has a sense of continuity^ and of extensive quantification, 
and his drawings are much' more accurate than before ( 188-192). 

6. The child arrives at a proper explanation of foreshortening as a func- 
tion of tilt (l99-200>- 

*^ , ' 

7. The child makes an attempt at reversing left^-right, before-behind rela- 
tions, but^can't do -it comprehensively. He Jioes better with before- 
behind relations, or takes account of only one relation and ignores the 
remainder. ( 21+2-2^6 )• 

8. The child correctly draws a geometrical section of the object (258). 

9. The child, when asked to cLraw a!piece of paper with which one could make 
an object, draws the object in perspective — they are trying to repre-, 
sent the act of unfolding (289-291)- 

10. Affinitive Transformations of a Rhombus — the child now begins to try 
to explain the change in area as a change in the height-vidth ratio, 
thaugh not explicitly. He also realizes that opposite sidep- must be 
parallel for symmetry (313-315) • 

11. Similarities and Proportions — Parallelism of corresponding sides is 
discovered as a necessary fact, as is equality of corresponding angles 
(which is actually the same thing ~ for the child, an angle meandf two 
lines coming together). There is a beginning of proportionality j as 
iJae mor^e and more successful drawings of similar rectangles show. 
This proportionality is not fully grasped until Stage IV (332-3^2; 
3U6-352S 361^369). 

12. When asked to draw the surface of water in z. tilted Jar, the child 
first discovers horizontality when the Jar is lying on its side, and 
the water level is parallel to the sides. Diiring all of IIIA, the 
child finds the horizontal and vertical through trial and error, and 
by IIIB, he admits their logical necessity (UOI-U15). 

Vs. Placing a doll on a model terrain — rotation no longer has any effect 
^ upon the child's Judgments (U25). 

lU Copying the layout of a model village — the child's drawings now have 
a definite point of view. His physical copies of the model take accqijnt 
of relationships of objects with the board and with each other as well. 
The only errors are in making exact measurements, or in making reduc- 
tions to a smaller scale. Also, if an object on the model is moved and 
the child has to copy the displacement, he resorts to a series of ap- 
proximations. Not until IIIB (around 9-10 years of age) is he able to 
take such displacements in stride (U32-UUU). 
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• The Child's Conception of Geometry 

1 Children begih to coordinate landmarks, positions, and distances in 
- . their drawings of their neighborhood, but they tend to build up two 

or three ^eas which are internally correct, but incorrectly related ^ 
• to one another, based upon the child's habitual journeys through town 
(15-18). By level IIIB, two dimensional coordinates are pres^ved, 
though proportion is not perfect. , 

2 Copying a tower made of blocks. At Stage IIIA, the child still can't 
use a unit — his common measure must be the same length or longer. 
He has achieved operational equilihrium, but only qualitatively, 

• through' a synthesis of parallelism, horizontality, and conservation 
' which enables him to set up .logical criteria of equa<l height in his 
mind' (57-58). A short measure is used, finally, at IIIB, where unit 
iteration is developed (62-63). 

• 3. Distance relations ~ distmice is conserved, again "because the ob- 

Jects have not been moved" - a fact which younger children >^ere aware 
of, but ^id not use. The child has developed a schema of space which 
refers to fixed sites, which are sep^ated by an interval with a certain 
rectilinear length (83-88). 

. U. Vrhen shown two straight sticks of equal length, one of ^^i^^J 

staggered, these children say the sticks are still equal. Their 
f-easons are that "the stick don't grow," or "you added a li^tl^ 
that end, but took off Just as much at the other end ~ "Jij;^ 
clear example of the child^s beginning to think in terms of sites, 
which may be filled or vacant (100-102). 

. 5. Two zigzag lines can be accurately compared in length by using a short 
strip as a unit measure ( 126-127). 

6. Children are able to melsure and duplicate the partial J oui^ney of a 
bead along a string, as long as their ruler is longer ^^an the bead s 
Journey. Otherwise, they improvise supplementary lengths added to the 
end of the ruler, and do not think to movfe the ruler to l^^'^^^H^l 
position until Stage IIIB. At IIIA, they lack the operational concept 
of a movable unit (1U2-1U6). Conclusion - two operations are involved- 
order and change of position, and subdivision. The 

asymmetrical relations between points on a line, such as order, direc 
ti^^of measurement, etc. The-second determines nesting series of equal 
intervals along a line. Until these operations are 
may be conservation of length, as long as the child is old enough to 
deduce from the fact that none of the points have moved the conclusion 
that none of the intervals have changed, but measurement and comparison 
cannot iake plaoe ( 11*6^149) • 
\ * ' 
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7. When asked to put a point in the same place on a second sheet of paper 
as on a first, kids realize the necessity for two-dimensional measure- 
ment, and coordination of the measurements that are taken. By trial ^ 

and error they discover that the two measurements should be perpendicular. 
At Stage IIIB there is no hesitation (165-I68). There is no time lag 
"between successful measurement in two or three dimensions — the same 
' operations are used t but an extra direction is added (169)'- 

8. When asked to copy an angle, children at IIIA can find no way to measure 
the slope. They measixre all the distances along the existing lines, but 
can only try to gauge the slope. They do not learn to drop a perpendicular 
until Stage IV (179-18U). . ' 

.9. At Sub stage- IIIA, children try to copy a triangle by holding the ruler 
at a constant slope. At Substage IIIB they learn to measure the height, 
drawn perpendicular to any of the sides, to control the angles adjacent 
to thjat side (l88-19l)* 

10. In dealing with cutout angles of a triangle, children at IIIA do not 
grasp that the size of the angles is mutually dependent, but, seeing 
,that the angles of all different shapes of triangles make l80°, they 
feel it nnist be a constant and try to find out why ~ empirically, and 
by trial and error. It is not until Stage IIIB that the law is 
generalized operationally (198-203), though it is still not considered 
operationally necessary. . ^ 

U. Children solve the loci of a circle and of a straight line. Infinity 
of the bisector is accepted, not as an abstract concept, but simply as 
an example of unlimited iteration (222-225). 

12. Mechanical motion is considered as the multiplication of two kinds of 
motion, leading to educated guesses at Stage ^IIIA, and empirical 
(not operational) solution at IIIB (2^6-253). 

13. Operational conservation of area, in the face of change in shape. The 
child here relies on his understanding of transformations as such, 
and does not need to compare any figures. This conservation appears 
at the same time as that of distance and length (topics 3-5, this 
section) (28U-286). Area outside a closed perimeter is not conserved 
until Stage IIIB. This is probably because it is perceptually more ^ 
difficult (286-291). ' " 

lU. Measurement of an area by superimposing smaller units over it is 
grasped at once (295-296). 

15. Subdivision of a cake into even fractional parts ~ kids at Stage IIIA 
have no. trouble dividing a cake into 3 parts. At IIIB, they can easily 
make divisions into 5 and 6 parts. Success must be preceded by trial 
and error at the previous substage, since representation cannot foresee 
the possible unless guided by action (320-33U). 
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16. Doubling an a^ea or a volume - (length is doubled porrectly) . At 
level IIIA. the children either change the shape by doubling one 
dimension, or get the wong answer by doubling all of them. At 
S^stage illB. the child realizes that doubling both sides gives the 
wong ansver. but does not know how to get the right answer. The • 
right answer involves coordinating area and length - their relation- 
ship is still too subtle for him (3^2-350). „ 

17 The child understands compensation of dimensions in a three-dimensional 
framework. He will alter his dimensions as much ^^f^^f^ ^°jf 
the same number of bricks into his block. But he thinks °f as^ ^ 
. -number of bricks, not as a volume of space, as can seen 

following: if the' bricks are immersed in water, and their arrangment 
■ is changed, the child thinks that this will change the level ^he 
. i^ter Volume, in the sense of sp^ occupied, is not conserved until 
Stage IV (370-381). \ 
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Changes in Learning PrQceBses .in the Late Preschool Years^ 

Sheldon H. White 
Laboratory of Human Developnient 
Harvard University 

"•••Then it is safer that the brain be rightly* 
consolidated before it begins to sustain labors: 
in an infant the whole cranium is scarcely closed, 
and the brain is not consolidated before the fifth 
or sixth year^" 

Comenius , The school of Infancy • 

"There is no absurdity so palpable but that it may 
be firmly planted in the human mind if you only 
begin to inciacate it before the age of five, by 
constantly repeating it with an air of great 
solemnity." ' ' ^ 

Schopenhauer, Essays . 

Much evidence suggests that^there are important changes in children's 
learning, or in qualities related to their ability to learn, during the 
age range extending roughly from five to seven years. This evidence may 
ultimately lead to BCHne significant basis for Judgment about two issues 
which are much discussed in American education — one issue the issue of 
readiness, whether it is necessary or useful for educators to tak? pre- 
cautions about spadiness for such subjects as reading, the second issue 
having to do with compensatory preschool education, its aims, its approach, 
its "evaluation. Given the theoretical and practical issues which cluster 
at the entranceway.to schoojing, all research material suggesting cognitive 
change in the child between five and seven years deserves careful probi^. 

''raper presented at a symposium. Early Learning, at the American Educa- 
tional Research Association Convention, Chicago, 1968. This analysis 
was undertaken under Grant OE 5-510-239 trcm the United States Office of 
Education. 
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The best-known American evidence of transition in this age range 
consists in demonstrations of children's changing reactionB to the t^ 
special variants of dlacrlmination' learning: fcransposition and reversal 
shift-nonreversal shift procedures. Because these changes move the chili}^ 
from an animal-like to an adult-like pattern of performance, and because 
they occur at a time when children characteristically begin to name rela- 
tionships between stimuli, the changes have been cited in support of the 
argument that mediation is the basis of human conceptual thought. Pre- 
sumably, children begin to apply names like "larger than," "middle-sir^d," 
etc. in the age range from five to seven and, through the mediatibn of 
these naming patterns, their problem-solving begins to show signs of 
conceptual activity. 

If one means to be exact in the use of the term 'mediation' — the 
precaution is important — then there is an increasing body of evidence 
indicating that the hypothesis will not do. Exactly speaking, the mediating 
response Is a nlember of the family of "pure "stimulus acts," or response- 
producing stimuli, which behavior theorists have proposed as mechanisms to- 
underlie terms like "expectancy," "symbol." or "concept." The mediating 
response is assumed to' be an implicit response, not necessarily verbal but 
usually supposed to be, which the child makes to an originating stimulus. 
The implicit response produces an impllrclt stimulus that may lead the 
child by its habitual linkages to a final overt response never connected 
to the originating stimulus. 

In effect, to suppose for the child this intervening Implicit 
response implicit stimuW Unk is to suppose for him a kernel of central 
choice. He now has an option Inside which Cfln prevent him from being 
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"stimulus bound:" faced with a stimulus, he does not have to do what he 
did the last time he saw It. Indeed, If one chains together many links 
of TDftdlatlng responses^ as Osgood and Berlyne have done, one can produce 
a central spider web of mediating responses sufficient to account for the 
cx)Tnplex choice systems underlying language and thought. Unhappily the 
extended central networks of neobehavlorism, like the elaborate central 
structures of psychoanalysis, can explain a great many phenomena only 
inexactly and in a post hoc fashion. However, the one-'Stage mediational 
assumption of the Rendlers (1962) and Reese (1962) is a^autious sup- 
position and a reasonably testable one. It has been tested, and the 
gathering evidence seems more and more to suggest that the child's 
progressive sophistication in language between five and seven is not fJie 
cause, but is rather the correlate, of his progressive sophistication in 

r 

learning. 

The hypothesis of mediation, as is characteristic of most stimulus-' 
response explanations, was tailored to fit the data of learning experi- 
ments, as is .true of a rival attent lonal hypothesis (Zeaman and House, 
1963) now favored by many. However, it is possible that the age changes 
in learning to which these rival hypotheses addre^ themselves cannot 
be fully understood by an examination of the learning literature 'alone. 
To understand these age-changes in children's learning, we may have to 
look far beyond what, is nominally considered the le&ming literature. 

If one examines the developmental literature at large, the 
over-whelming fact emerges that there are a largS number of behavior 
changes reported in children between ages five and seven, changes not 
only in learning, but In perception, learning, physical growth, pathology. 
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emotloQ, and the factor structure of intelligence. While some of these 
transitions might be harnessed with the leamlhg phenomena under a 
mediation or observlng-response hypotheses, a good many others seem to 
fall outside the scope of either hypothesis. 

The scope of the evidence, and several strong theoretical assertions 
which have been offered about this age range, would suggest that the 
developments within discrimination learning are part of a wide-ranging 
change in the child. We will not have time to review all of the -develop- 
mentai evidence today. Some of the empirical and theoretical material 
relating to thifl age range has been reviewed previously (Kendler & Kendler, 
1962; Reese, 1962; White, 1965, 1966a, 1966b). Instead, we will be con- 
cerned to sketcb out those facets of the evidence v/ich might be brought • 
to bear ori understanding the relationship of these data to the onset of 
schooling and its influence upon the child's life. 

When study after study in the United States, Britian, Switzerland, 
and Russia turns up evidence of behavior changes 'in the child in the age 
range during which he typically begins school, our interpretation of 
this material must envisage two alternatives ~ first, the possibility 
that the child's entrance into schooling ,' presumably a major event in 
hia life in all Western Societies haa Important effects upon him and 
changes Us reaction to any kind of psychological experiment, with which 
he is confronted — second, the possibility that the observed changes 
reveal a profound developmental change in the child himself which is a 
precondition for schooling, .acknowledged in society's historical 
decision to begin schooling at six. 
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Vlewlng the alternatives In this way, we can seek to kind evidence 
which, In one wly or another, controls for the effect of schooling on 
change In the child In this age range. 

First, we can ask If there are physical changes In the child at 
this time which might plausibly be- related to changes in his cognitive 
abilities. 

Second, we can aak If other cultures have, practices or beliefs 
which seem to acknowledge significant change In the child at around six 

/ 

years of age. 

Third, we can ask If the experlmetital material of Western, research- 
educing societies Is replicated In studies of children In cultures 
where they are not placed in school. 

( 

4 

We begin, first, with evidence related to the physical growth of 
the child. Figure 1 is taken from Tanner's book Growth at adolescence 
(1955a). It Illustrates the oldest known longitudinal material on 
physical growth, measurements made by Count de Montbeillard of hl& son 
over the years from 1759 to 1777. Discussing the figure, Tanner calls 
attention to an acceleratlve component appearing at around age 6 and 
indicates that this is representative of an acceleration in growth 
which, in the anthropomfetrlc literature, has been referred to as the 
"Juvenile growth apurt," or the "mid-growth spurt." 

The next figure is taken from Zubek and Solberg's (195A) text, and 
shows averaged curves of growth for a larger sample. In this figure, 
the mid-growth spurt is clear in the weight data, particularly for the 
boys, but does not appear in the height curves. 
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In general, the mld-grovth spurt has beqn of Interest to anthro- 
pometrlsts because they have seen that spurt as one of several Indications 
that the physical growth of the child may bave to be seen as a phasic or 
cyclical affair. In the early part of this century, Robertson (1915. 
1923) was extensively concerned to establish the proposition that physical 
growth occurs In autoeatalytlc cycles. Chemical products accumulating 
during one pttase of growth are presumed to finally catalyze, trigger 
off, another phAse of growth, thus njaklng physical growth a saltatory 
rather thancpt^tinuoue affair. In the course of Robertson's argumenty 
he anaJyzed weight growth curves for an Australian working class sample 
of children. He proposed that the onset of a major new cycle at growth 
began at age 5, calling that cycle the ^'Juvenile cycle." 

In 1921, Bird Baldwin published a research report and literature 

review on physical growth as Volume 1, Number 1 of. the University of 

Iowa Studies in Child Welfare. This monograph, an immensely careful 

effort, not^s persistent evidence of perturbations in the growth 

records of children at five or six years of ape: ^ , 

"The individual growth curves for pre-school 
children show significant but unexplained -fluc- 
tuations at five or six years of age in indi- 
vidual growth curves in height, weight and 
breathing capacity." 

(Baldwin, 1921, p. 71) 
Baldwin noted only the instability of growth at this age, but offered no 
more exact description of the specific growth variables defining ths 
instability. 

In 1935, Howard Meredith published another Iowa monograph, titled 
"The rhythm of physical growth." which analyzed age changes in eighteen 
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e^andatd measurements applied to males betwel^ one and eighteen years 
of age. As his title Implies, Meredith was concerned with the Issue of 
contlnuous^l^ll^ saltatory, or phasic, growth patterns In these r 
^dimensions. Meredith proposed that his eighteen measuremei^s conformed 
. to four different patterns. Two of those cv cUcaZ growth patterns 
"broke" around age six. 

One of* Meredith' 8 types fits the data pictured In thej lower right 
and left figures of Figure 3. Meredith describes the patterns as 
follows: 

"There are three pronounced cycles for bl-condular 
diameter of 16ft femur and left humerus. The first 
cycle spans the years from birth to six, the second 
reaches ftom six to eleven, while the thl|dextends 
betweefn eleven and eighteen." '^ft 

Meredith's description of a secotjid growth pattern, one applying to the , 
lower, right left figure^ of Figure A, 1^ as follows: 

"There are three rouglOy convex cycles between one 
and' one^half months ten years for the four 
measurements of skit/ and subcutaneous tissue. The 
four minima o^>^h^rfe cycles occur at one and one- 
half months and at approximately two, six and ten 
years." 

(Meredith, 1935, pp. 116-117) 
Further growth curves showing the form of the second described cycle 
are given in the Figure 5. 

Meredith's analyses, then, are supportive of an ac<u>1i»raciv^u 
growth, a mld-growfh ayuit, »e*,it-rlna «r «fcouv o4n r^^ma nf age in some 
growth measures'but not at all, or not equally, in other growth measures. 
In a subsequent discussion of the mid-growth spurt. Tanner (1947) suggests 
a definition of the dimensions participating in the spurt. 
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The next figure, Figure 6, is taken from TanAer's article, and it 
pictures the mid-growth spurt in females as it emerges in measured of 
bitrochantaric diameter (hip width).. The lower figure shows the spurt 
most clearly. Figure 7 is taken from the same article and illustrates 
a differentiation suggested by Tannet. He suggests that by -and large 
measurements of length do not reveal a mid-growth spurt vety clearly, 
hut that measurements of breadth do. It will be noted in the upper 
. figure that the three curves reflecting length measurements do not show 
much gign of a old-growth spurt. While in the lower figure all three 
breadth measurements do show such a spurt. My wn impxession, based 
on examination of these and other data, is that sign^ of a mid-growth 
spurt are more regularly revealed by measures of weight and width than* 
in measures of height or length of body parts, but there are exceptions. 

These indications of a mid-growth shift reflected In anthropometric 
dimensions of the body have only vaguely been linked with underlying 
physiological changes during development. 

Possible changes in part processes are suggested by an analysis of 
the growth rates of four tissue types set, forth by ,Scammon in 1930. 
Figure 8 shows a set of growth trends derived by Scammon for four groups 
of body organs at different ages, groups classified- as lymphoid, neural, 
general, and geneta/ types of tissues. For each tissue group, weight 
at 20 is taken as 100%, weight at birth as OX. Thus, these are 'curve| 
of relative growth^ rate. It will be noted that the weight of neural 
type tissue reaches 90% of asymptotic value at age 6; it will also be 
noted that a large acceleration of lymphoid growth also begins at that 
age. The data on neural type growth may be the basis for an undocumented 

9^. • - j G ;) •> 7 
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assertion which one meets with occasionally In the literature, to the 
^ffect that the growth of the nervous system Is substantially completed 
by age 6. 

The next figure. Figure 9, also taken from Scammon, pictures 
component curves representing the separate growth of the six organs 
from which the neural type of" growth was synthesized. 'It pictures re- 
lative weight increments on the OZ-100% scale for whole brain, cerebellum, 
pons and medulla, eyeball, head circumference, and weight of the pineal 
body. 

Recently, Dustman and Beck (1966) have reported results of a study 
of visually evoked potentials drawn^ from a cross-sectional sample of 215 
subjects ranging from one month to 81 years of age. The right graph In 
Figure 10 pictures the amplitude of evoked occipital potentials over age; 
the three separate lines indicate measures of amplitude for three time 
intervals aftJr stimulus onset. It will be noted that a peak reaction la 
found at age 6 in thesye data. The left graph of the figure compares the • 
records of three Individual subjects aged 6, 16, 60. The most pronounced 
reaction, represented by the solid line*, is that of the six year old 
subject. 

The physiological or psychological implications of Dustman and 
Beck's data on evoked occipital potentials are not at all clear; for 
the moment, we can only align their data with Scammon's data on neural 
tissue growth. Scammon's data in a structural way, and Dustman and 
Beckys data in a functional way, both suggest that age 6 may be a sig- 
nificant period in the development of the nervous system. 
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Scanmon's data on the developtnent of lymphoid tissue are paralleled 

by other data In this period; particularly Interesting are a number of 

reports of change. In endocrine function for example, the following 

quote from Tanner: 

^ "The levfel of the fasting blood su^ar has been 
Investigated In cross-sectlonjal studies, the 
blood being taken in the morning, after the 
subject fasted since the previous night. The 
level appears to rise about the time of 
adolescence, no marked sex difference being 
present... Very interestingly, there seems to 
be another period of relatively high blood 
sugar from age 5 to 7, that is, coincident with 
the mid-growth spurt* It remains to be seen if 
these results are confirmed in longitudinal 
studies." 

(Tanner, 1955a, p. Ill) 
This change in blood sugar*^level seems related to a break in the growth 
pattern of the Islets of Langerhans in this age range. At this time, 
also, there appears to be fragmentary evidence suggesting a modification 
of adrenal secretion, changes in pituitary ^action (Tanner, 1955b), and 
a beginning acceleration of estrogen secretion (Tanner, 1955a, p. 120). 

Let me now summarize the material on physical growth. Within the 
anthropometric literature, there is evidence for a mid-growth spurt 
occurring in the age range from five to seven, evidence from a number^^ 
of studies of physical growth. By and large, this evidence seems to be 
seen most clearly in measures of weight or indices of body breadth. 
What physiological processes might under ly such a spurt is not clear; 
there are several indications that these exterior changes are associated 
in time with the growth of neural tissue and with suggestions of altera- 
tl<^s in various endocrine secretions. 

\ . ■ ■ . 
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lt ir^terestlng. In the light of the growth changes Juot considered 
that Bloom (1964) has argued that a etabllliatlon of Intelligence occurs 
In the child at around seven years of age. Bloom's argument was conr 
structed from an analysis of the Intercorrelatlons among longitudinally- 
gathered IQ scores, but there are other lines of evidence which go towards 

( 

his point In suggesting that the child is "open" to certain kinds of 
disorders only until about the age of seven. Such evidence has appeared 
In relation to studies of early environmental deprivation, diabetes, 
phenylketonuria, febrile convulsions during childhood, and childhood 
autism. , \ 

With reference to the dep^vatlon literature, the case Is least 
^clear. As is well known, there is af large ilterature on maternal 
deprivation and instltutionallsation o£ children, and there I0 some 
disagreement about the severity of disorder which some claiirf children 
receive from these treatments. In an earlier review of this literature 
in 1961, Yarrow notes — skeptically ~ a consensus in the literature 
that maternal separation before 5 is apfr*to be most damaging to the child 
Later, .reviewing the literature in 1964, Yarrow is clearer about a ter- 
minal age for the effects of one kind of separation, that aeaoclated 
with hospitalization: 

"In regard to the effects of hospitalization, these ^ 
studies suggest that the critical period, that is, 
the developmental period during which children are 
likely to be most susceptible to damage by hospital- 
ization, extends roughly from seven months to seven 
years, with the most vulnerable period being seven 
months to three years..." 

(Yarrow, 1964, p. 115) 
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Figure 11 shows the results of a survey of intelligence test 
data gathered from some 38 diabetic children, aged 3 to 18 years. A 
Stanford-Binet test was administered to each diabetic child in the 
sample and to one nondiabetlc sl^bling of each child, the sibling" serving 
as a control subject matched in everything except age and sex. The figure 
at the left side shows IQ differences between each. pair of diabetic and 
nondiabetlc slbs, plotted over age at onset for the diabetic sib. The 
figure indicates that diabetic children with onset before five years of 
age had IQs generally below those of their sibs; the right side of the 
figure shows that there were 13 such children, with IQs averaging 10 
points below those of sibling. Diabetic children with odset after five 
years of age had IQ scores averaging within one score point of the 
nondiabetlc sibs. This evidence suggests that diabetes produces a 
decline In Intelligence before five years of age, but not after <Ack', 
Miller, and Well, 1961). 

In the cai^f another disorder, ijhenylketonurla, there is data 
suggesting the same kind bf IQ vulnerability in an opposite way — that 
is, data to suggest that the IQ scores of afflicted children may often 
be Improved by appropriate treatment up until age five but not there- 
after. In a volume on the management of phenylketonuria > Bickel and 
Gruter (1963) survay 20 case histories of phenylketonuric children 
treated with a phenylalanine-f ree diet, and conclude that such treatment 
may improve the IQ by 10 to 30 points within the first five year^, but 
will produce only negligible improvement after that age. Amount of 
improvement in IQ seems related to how much before fiVe treatment Is 
begun. J 
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Another abatement 6f vulnerability occurs in the case of convulsive 
seizures during childhood. It Is not uncommon for young children running 
a high fever to show febrile convulsions^ These are not commonly re- 
garded as serious t and children manifesting such seizure* are commonly 
given mild medication until age 6, which is accepted as the age at which 
febrile convulsiotis diaappear in children (Carter , 1964). 

Finallyt mention should be made of what appears to be a critical 
age In the rare but extremely interesting syndrome of childhood autism. 
Most pay^rhologists are familiar with Bernard Rlmland's excellent recent 
analyais of the^ clinical material pertaining to this disorder (Rlmland, 
1964). Further analysis since that volume was written has pursuaded 
Rimland that there is a critical sagfe in the evolution of this disorder 
occurring at 5 1/2 years of age. At age 5 1/2, a great deal of the 
symptomatology of the autistic child abates. At the same time, there 
is a turning point in prognosis. If a child develops useful language 
by 5 1/2, the^ is a chance he will recover, but if not there is not 
much chance (Rimland, 1965, 1967) • 

m 

The abatement of symptomatology in autism at age 5 1/2 is of extreme 
Interest. Here follows a brief quote from a parent's letter to Dr. 
Rimland: 

"I should add that our boy has been making quite heartening 
progress in the last few weeks, at least in our 
estimation. This is particularly true in the areas 
of speech which are povered in your Questions from 
about 66 onward. Although we never can predict when 
we will and will not get a normal, response, there are 
no longer any situations in which we can be sure of 
getting an abnormal response. His speech has become 
much more normally communicativevhe uses "I" afid "yes 
with normal frequency, and he ha^ begun to say "thank 
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you" and "I'm sorry" with obvious comprehension. He 

now very commonly loolcs directly at us when speaking, 

and ho Is becoming surprisingly outgoing and affectionate." 

(Rimland, personal communication) 

This brief quote mentions the abatement of five ot^he earmarks of 
autism In this child. Just 5 1/2. To those who are familiar with the 
autistic .syndrome, this letter Is a rather dramatic report of signs of 
recovery In an autistic child. 

To sum up the second body of evidence we have been discussing. It 
appears that Blob^'s thesis thajt the Intelligence^ the child Is 
stabilized around age 7 la consistent with several Unas of evidence. 
Evidence consistent with the thesis Is found In examination of the age- 
course of a number of pathological phenomenfij. Each line of evidence 
says in some way that the child shows mental or neurological vulnera- 
bility until the age range from five to seven, after which there is a 
kind of ''hardening" of the child's status. The child is less vulnerable 
to disorder, or he grows out of certain problems, or — in the unhappy 
case of phenylketonuria — ha becomes less open to treatment. 

We return now, after an extended tour of the literature on physical 
growth and the literature on pathology, to our original question. We are 
concerned with the question of whether the extensive evidence of cognitive 
changes in the child between five and seven years of age may reflect some 
change in the child which is independent of schooling, perhana a precursor 
to it. We have now to approach that question in another way, by asking 
if other societies which do not have universal schooling somehow give an 
impression by their treatment of the child that he is changing in this 
age range. 
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l^lt must, be recognleed that our society makes not one but several 

acknowledgements of compentence in the child at 6 and 7 years of age. 

We place him in school. The. English coinmon law', the basis of our own 

common law, assumes that the child is first capable oE^knowing right 

from wrong, first capable of being guilty, first legally liable to trial 

for a crime, at seven years of age. All this as codified in Blackstone's 

Commentaries in 1769 (and long ago supplanted by the Juvenile court 

system). The Catholic canon law makes similar presumptions about the 

child and first assumes- him capable of knowing right from wrong, capable 

of confession, eligible for first communion, at age 7. 

Of course, the English common law and the Catholic canon law, were 

once substantially one and the same, and reflected the thinking of an 

older European society which was decisively not child-centered, which 

apparently had no adolescent culture and no adolescent society, and 

which took it for granted that children were grown up by the time they 

were 7. Phillipe Aries has described the treatment of the child by the 

society in his book Centuries of childhood ; 

"Once he had passed the age of five or seven, 
the child was Immediately absorbed into the world 
of adults..." 

(Aries, p. 329) 

^ "In the Middle Ages, at the beginning of modern 

times, and for a long time after that in the lower 
classes, children were mixed with adults as soon as 
they were considered capable of doing without their 
mothers or nannies, not long after a tardy weaning 
(in other words, at about the age of seven). They 
immediately went straight into the great community 
of men, sharing in the work and play of their 
companions, old and young alike." 

^ (Aries, p. 411) 
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How do other aocletlea view the child? Several yeara.ago, Anita 
Rul Olda and I undertook a aearch through material of the croas-cultural 
file* at' Harvard, looking for evidence on thla Isaue. John and Beatrice 
Whiting were kind enough to fumlah us with a Hat of cultjural materials 
which contained Bome richness of Information about child development and 
the treatment of children and accordingly, after some free aampllng In 
the flle8<f^get an Impreaelon of the kinds of Information they would be 
likely to offer, a systematic search was made through the records of 27 
cultures to obtain all Indications of cultural practices falling under 
five headings, the headings given In Table 1. 

One of our headings was', "A cultural view of the child as reasonable 
or teachable after this period, in contrast to a mindlessHess or lack of 
tralnablllty before thla time." We were motivated to search for such 
entries because Dr. Beatrice Whiting, In her Six Cultures studies, had 
found cultures which used Che culture word for "mindless" to refer to 
children before five years of age. Here we were looking for a cultural 
belief about the susceptibility of the child to training before a 

certain age. / 

Our second category was "Demands that the child accept moral 
' responsibility at a later age, In contrast to a lalssez-falre attitude 
before." Some cultures. In effect, lay down the law to the child when 
he la six or seven. Indicate to him that he has been getting away with 
things before but now he Is expected to "shape up," follow the rules, 
and 80 forth. 

Our third category was titled "Initiation ceremonies during this 
period." 



White -17- 



Our fourth category was titled "Some indirect assumption of 
adulthood such as the aseumption of adult work, a practice Of separating 
male children from the «other or female aibs, new demands for modesty 
'.practices, etc." It seems to say something for Sigmond Freud, Malinowski 
to the contrary notwithstanding, that this search category produced our 
richest yield with some 93% of the sample of cultures having practices 
that fell under this heading. It is apparently quite common to separate 
the sexes in this age range, with boys sent to work with the men and the 
girls sent to work with the women. (If the culture is a hunting culture, 
and the men must travel long distances, the boys will n^T^ with them 
until they are somewhat older.) The childrpn are <>lven loincloths- If 
they have, not had them before, and so forth. By an^ lat<'R, all of the 
entries in this category have some plausible connection with the assump- 
tion of sex-role identity, or an acknowledgment of the child's sexuality, 
at around this time. (These acknowledgments, in turn, may underlie wide- 
spread practices of extrusion of the child from the household, or in- 
stitutionalized brother-sister avoidance, customs of a number of societies 
with regard to the child from eight to ten (Cohen, 196A).) 

Our fifth, and final category was titled "Any religious, mythological 
or 'theoretical view which implies that the child becomes more human, less 
foreign, etc., during this period." This category found only 22Z of our 
sample. It was Included because in our preliminary search we came across 
a single entry -- which I now beltftve must be something of an anthro- 
pological whopper — to the ef f ecjrEK&t.,one culture will kill a child If 
he becomes seriously ill before four or five on the aasumption that he is 
a snake or other animal masquerading .in human form, but which will treat 
him If he falls ill after five, accepting him as a sick human. 
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These cross-cultural data seem interesting, and therefore they have 
been presented, but there are serious weaknesses In tl\is""tehi^ of cross- 
cultural Infonoatlon. Assuming there are .changes between five and seven, 
the data describe the ways in which human societies react to those 
changes, but the data are not themselves an independent source of evidence 
that the changes exist. 

First, the cross-cultural flies are ambiguous. They were made up 
by imposing a uniform, elaborate index on a btJHy of ethnographic reports. 
The ethnographic materials were almost never collected with the Index In 
mind aiad thus, in many cases, there are missing index entries, or the 
index entries are skimpy and casual quotes lifted from the running text 
^ a book. One has some difficulty understanding the ethnographer's 
nu^pning^ or one may have difficulty deciding whether quoted marerlal 
represents a studied conclusion or a casual and guessy remark by the 
writer. Hence, the problem of reliably Interpreting the file entries 
is formidable. 

A second and overrldlngly serious problem for our kind of use of 
the files lies In the Issue of age-determinations. Non-literate cultures 
almost never know how old a child Is, and statements abput age In 
ethnographic reports always represent approximations or guesses. Un- 
happily, one can be fairly confident of a bias In ages arrived at In 
this way; almost certainly, an anthropologist would be tempted to guess 

r 

at a child's age In part through his own. Western expectations about 
what should normally be expected of children at various ages. 

In short, these cross-cultural data may color our suppositions 
about this age period, without lending weight to them. Taken at face 
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value, the data Just presented are not dlscouraglpg %o one who would like 
to believe that there Is'^some universal recognition of change in the 
child in this age rdnge. However, they are .not forcing. 

We tum,**finally, to our tfhird category of evidence. Here we are 
concerned with evidence which might help us to decide whether specific 
behavior changes found in the child between five and seven y,ears^ reflect 
some intrinsic^ developmental process independent of his entrance into 
school, or whether instead they primarily reflect an influence of 
schooling upon him. Our test is whether these changes emerge in popula- 
tionS of children who are not placed ii/school in this age range. 

A number of studies have provided evidence that various cognitive 
changes reported in the conventional research literature can be demon- 
atcat^d In unnchoolpd populations of children. Price-Williams (1961), 
working among the TiV in Nigeria, studied Piagetian conservation of 
continuous and discontinuous quantities and found the Tiv children about 
one-half year behind reported age achievements of European children. In 
another study among the Tiv (Priqe-Willlams, 1962), he studied the ability 
of children to cross-classify objects, <rith, again, data comparable to 
those of European children. Similarly, Sigel and Mermelstein (1965), 
administering Piagetian conservation tasks to unschooled American chil- 
dren in Prince Edward County, has found that the children developed 
conservation at the expected ages and Goodnow (Goodnow, 1962; Goodnow 
& Bethon, 1966), working with unschooled children In Hongkong, has 
reported that lack of schooling does not wpset the conservation of weight, 
volume; or surface, but rioes upset a taflk of combinatorial reasoning. 

One may assume from these data that some Cognitive changes may ^ 
develop without schooling. However, there is also some evidence showing 
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croBB-cultural differences. Suchman (19^6) haa reported that a shift 
from "color-dominance" to "f onn-dominance ," repeatedly found' to occur 
at age 6 In Western children, was not manifest by age 17 in an African 
s'ainple. Suppes (19^6) has found that a sensitivity to rotation of forms, 
which peaks in American school children at 6 years of age, does not 
develop in school children in Ghana at dll, ard he lirks the American 
data to the influence ot reading traininp, in the first grade. Finally, 
though most of the cross-cultural studies of Piagetian conservation tasks 
have found them unaffected by lack of schooling, some data in Bruner, 
Diver and Greenfield's (1966) volume does suggest that they are influenced 
by schooling. 

-The total literature testing unschooled grouos of children is still 
small , but within the literature we have there are indications that some 
of the rese£^rch results reporting age shifts between five and seven are 
confirmed in children who have not been exposed to school. 

We move towards a close. Me have considered several bodies of data, 
testing whether age changes in the child not attributable to schooling 
occur between five and seven years of age: evidence of deflections in 
physical growth, of changes in vulnerability to disorder, of changes in 
the practices or theories of various cultured, evidence dr6wn from 
cross-cultural studies testing the Western reports of change in the child. 
Despite the weaknesses of many/of the sources, despite the missin? 
logical links in the resear^l/ material, my own inclination is to accept 
these data as indicating that there is s substrate process of change in 
the child. The many research reports which show deflections in children 
are not telling us about the impact of schooling — not wholly, at any 
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rate. To some extent,, they ^re telling us about developmental changes 
in the child. 

Wfiat do these devfelopmental changes meail psychologically. 
Educationally? Over the past decades, there has arisen a distant 
- harmony among educational, psychological, and psychiatric writings, 
and by* now a divewe groUp of individuals are asserting, in diverse 
wiSrs, that there is some significant alteration in- the mental function- 
ing of the child during the age range from' five to seven. The child 
is asserted, normatively" to have "readiness" for reading training as 
tljg schools give it and he Hs occasionally said to have lost readiness 
for certain kinds of preschool learning envisaged in the methods, of 
Montessori. The child is asserted, nonnatively, to have reached the 
terminus of ajuvenile psychosexual period and, between the ages of five 
and seven to develop a superego, to inhibit juvenile psychosexual 
period and, between the ages of five and aeweh to de^eloiJ a superego, to 
inhibit juvenile sexuality, and to repress — develop an amn^sia^for ~ 
the preceding events of childhood. Finally, the several contemporary 
traditions of inquiry into the child's learning and cognitive processes 
have each independently asserted — each in its. own terminology and each 
on its own evidence — that whatever each system considers^ to be the 
essence of symbolic or abstract thought processes, is emergent in the 
child from five to seven. For American S-R theorists-, this is the time 
when, mediation begins;" for the Russians, this is the time when the 
. second signal system is internalized to become the human organ of planning 
and reasoning; for Piaget this is the time when concrete operations 
emergev # 
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The separate theorists do not consider or explain one another's 
findings. None encompasles a large literature of reports of age changes 
which seem to fall outside any of the theoretical camps. Yet one can 
clearly foresee that the theories and the^ata, all bearing on the same 
range, seem dimly to delineate a unifotm picture of the developmental 
substrate. 

1. They suggest the inhibition of a more juvenfle system of 
cognitive processes in this age range, with the Superimposition of a 
more mature system of cognitive processes. 

2. They suggest the existence in the older child and the adult of 
at least two cognitive systems, orie with a juvenile logic generally 
characterized by the studies of the child before five, the other with 
an- adult logic generally and vaguely described as conceptual thought, 
and delineated by the studies of the child after seven. 

3. They siaggest that the juvenile logic has been roughly described 
by associatioriism and learning theory, and that the precise qualities 
necessary for conceptual thought are delineated in the transitions, from 
five to seven. At theVoment these transitions, which need further 
exploring, seem to depend on a limited number of new information-proces- 
sing vectors ~ greater speed of reaction motorically and, it seems, _ 
internally; an increase of temporal coordination of information; and 
perceptual changes in near-receptor, distance-receptor dominance, in 
intersensory coordination, and in orienting and habituation thresholds. 

4. In the o^deiT ch|ld and the adult, the juvenile logic and the 
adult-logic coexist characteristically in a temporally stacked syst^ ~ 
the juvenile logic relatively fast acting, and somehow requiring 
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Inhibitlon If the adult logic Is to control behavior. Thus, the 
characteristics of Impulsive thought majiS be juvenile, the character- . 
Istlcs of reflective though adult. 

^ 5. This temporally stacked arrangement seems delicate and patterns 
of short- or, long-term stress may produce regression to. — that -is, 

dlslnhlbltlon of — the more Juvenile logic. Thus, we find the repeated 

V .. " 

reports of psychopptTiologlcal thought disorders described as regressive. 

"»,..- 

• Thus, we find Skemp (1961) arguing that children often have problems In 
, school mathematics riot because they do not have the requisite Intellectual 
structures, but because stress iilsrupts their ability to apply them. 
Thus, we find that In the aged adult, -at the time of what society calls 
"second childhood^" there Is literally a reversa^.,of some of the 5-7^ 
transitions and behavior patterns characteristic of the pre-5 child 
reemerge, (e.g., Levlnson and Reese, 3^967). ^ 

6. ' Parenthetically, It has seemed to me that behavior therapy 
may have more wisdom than it admits to. Behavior therapy, like psycho- 

* It 

aixalysis, may have found a way to reach ih^to and change the juvenile 
system of which juvenile logic Is a part. It contrives to Introduce 
repetition, which younger children enjoy but which older children 
generally find boring. It contrives- to manage and focus the attention 
of the child, a precaution which we take for granted In the younger 
child but which Is much relaxed for the older child. It uses tangible 
and sensubus rewards, necessary for younger children but not for older, 
normatlvely achievement-motivated children. The design features of ^ 
behavior therapy which engage the juvenile logic In learning,, rather 
th^n the reinforcement theory which af)plles to that learning, may be 
the real art of behavior therapy. 



White -lii-^ : ' ■ - 

These comments about the Implications of the 5-7 material for our 
understanding of learning -and cognitive processes must not obscure the 
breadth of the transition. It Is necessary to take fhat breadth Into 
account. Contemporaneous to the 5-7 changes In learning, there are 
significant changes reported In the physiological, perceptual, and 
emotional literature and the chances seem good that these are linked to 

\ 

the cognitive changes not by logic (some cotnmon subsumptloyi under a 
theoretical or functional principle, like decentratlon, concrete opera- 
tlons, or mediation) but by blo-loglc, the blo-loglc of Hughllngs 
Jackson. Nature, which does not^^pect the cilaptei: iieadlngs o^f 
Psychology, may produce a genotyplc maturatlonal change which manifests 
Itself In a broad spectrum of phenotyplc, conceptually dissimilar, be- 
havloral outcropplngs. That maturatlonal change may be understood by 
efforts to trace the outcropplngs towards some common source. For the 
first time, today, there m&y be enough breadth and depth to the neuro- 
phslologlcal and behavioral literature to make this a real possibility 

(e.g., Mllner, 19^). 

// 

I believe ^at it is only by analyses on this scale that we will 
comprehend the changes in children's learning in this age range. Within 
the learning literature, the large literatures we have collected on the 
* transposition phenomenon, on mediational versus attentional explanations 
of changes in learning, on training of conservation, all seem to have 
raised more issues than they settle. Perhaps the learning literature is 
too confined^ too restricted by the limited number of things that one can 
see and do in learning experiments, to probe its way towards an adequate 
explanation of its own findii^gs. Looking at the larger field of data, 

/ 
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however, one can envisage the possibility of an interesting and worthwhile 
.theoretical scheme |-- something like a highly refined and detailed and 
physiologically- rationalized form of Heinz Werner's Comparative Psychology 
of Mental Develdpinent — If the various phenotyplc phenomena are traced 
towards their Intersection by an Imaginable elaboration and exploration 
of Information we now have. , - ^ 

Psychology's ancient problem has been to define the nature of 
conceptual thought. Education's to foster It. If, as the ririnors have 
It, that level of thought emerges In the child from five to seven, then 
It seems that in some worthwhile sense we may now have data which, so to 
speak, surrounds tho&e problems and which offers routes towards their 
solution. 

9 
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FIGURES TO ACCOMPANY "CHANGES IN LEARNING PROCESSES IN 
THE LATE PRESCHOOL YEARS" 



NOTE: Eleven tables reprinted from 
the American Journal of Phys, 
Anthrop. are copyrighted and 
not available for reproduction 
by ERIC at this time. (Data from 
Scammon, 1927) 





Table 1 




Crcu:5.cul tuv.:l Tnclclcnco of Acl'.nowl cd-ed Chanp.o in the Child 
Botwccn Four and -Elrjit Years of Acc^"^ 



ScorJnc Cato^^ory 



a) A* culturr»l vi^ w of tho cliild as reasonable 
or tc'.uh:;bl»' af ti-r th 1 1^- period , in contrary to 
a nlndl c-'.r ncr;, or lack of tra J.nabil i ty before 
this t inc. 



Percent Incidence 

y 



37% 



b) DeTi:.»nur> ihrX the child accept rnoral resjion- 
slbility at a laUr are, in contrast to a 
laisf;i:z-f 'lire attitude before. 

c) Initial ic^n cercir.c-nies durinf; this period. 

,d) Soi: c* indJrt'ct a'l^i^'ipt J urn of adultliood, 
suc h c-e, th-. ci.' S'irpt iv- of adult v/ork , a prac- 
tice* o<' se; 'ii at in,.;; nale children fron the 
DOther or fi:.;le sibt*, ni.v der^ands for 
nK)d«;:;ly practices, oLr. 

e) Any r'*l I^m ou:; , r.y t li-jl oi.;,lcal , or theoret- 
ical vie-; whirh Ir.plie--: th.^t the child heco:rics 
tpore hun';n, less for^i^n, etc., du'rin[; this 
period . 



1/ 



33% 
26% 



93% 



22% 



^ h.'scd oil ratlnj-,': of tlic records of 27 cultures in tlic Harvard 
ctor.scult ur; 1 files (White and Rui, l')b'i , unpubllrihed) . ^ 
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NOTE- The following 31-page section, 
"Some General Outlines of th? Matrix of 
Developmental Changes Between Five and 
Seven Years," by Sheldon H. White, is 
copyrighted and not available for 
reproduction at this time. See 
n-n ptin of the"' Orton Society . 1970, ZO, 
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It iB virtually universul in Western Bocletiea for the iociijl and 
educational status of a child to be significantly redefined sometime 
during the fifth, sixth or seventh years of life, Evident:c can be mar- 
shalled from a variety of sources that this universality reflects more 
than cultural diffusion of an arbitrary social organization. First, ^ 
most psychological theorists who have attempted to encompass the scope 
of human development have located within this age span beginnings of new 
adultlike behaviors. Second, psychological research has demonstrated a 
large and curiously heterogeneous collection of qualitative changes in 
the behavior of Western children around the^ixth year, changes in 
learning, language, emotion', perception, and intellectual structure. 
Third, the physiological and anthropometrlc^literature point up a variety 
of growth phenomena during these years. Lastly, there "is cross-cultural 

work to suggest both that non-Western children may undergo similaV changes, 
s 

and also that most non-Western societies show -some' implicit recognition 

V 

of new characteristics emerging at this age. 

Piaget and his associates, in their broad theoretical view of infcel- 
lectual development, place special emphasis on the beginnings of "opera*- 
tio'har^ thought in the sixth or seventh yfear (e.g., Inhelder 6 Piaget, 
1964). The progressive ordering of thoughts and operations into coherent, 
equilibrated systems is seen to lay a logical foundation for the stable 
understanding of the worW which is culminated several years later. The 
same age is the focus of a theoretical orientation £h the Soviep Union 
which dates back to Pavlov: around the sixth year, the control of behav- 
ior shifts from the simpler, classically conditioned mechanisms, to a 
higher leveT>wFor Pavlov, this was the appearance of the "oecond signal 
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system." Building on this work, Vygotsky (1962) attributed the onset 
of adult*like conceptual thought to the unipa of language with thought.. 
More recently, Luria (1961) has demonstrated the^pervasive implications 'A 
of this more mature relationship for the coiittol of behavior. The Amer- 
ican '^mediation theoi^*^' point to a similar^ process in the sixth yea^, 
as language plays ^n increasing role in mediating conceptual learning 
(Kuenne, 1946; Kendler & Readier, 1962; Kendler, 1963). In the realm ^ 
*of p^j^hodynamic phenomena, Freud has argued, for the onset of significant 
inhibitory mechanisms at this time. Following the ^resolution of the 
Oedipal conflict, sexual identity is firraly established and the normal 
child begins to foi;m an adylt-llke superego. The onset of the latency 
period is accompanied by infantile amnesia. " The concordance of these ^ 
the.aicies, which arose largely independent from each other,- is. impressive/ 
For each theorist, in his own language ^nd from his own data, the petiod 
around fiye to seven years of age is seen as the beginning of a dramatically 
more mature organization of the mind. 

^. ■ ' - , . ^ - . ^ ' 

White (1965, 1966a, 1966b, ,1968, 1970) has presented summaries of 

many of the changes ^own to occur during this age range in children 's\ 
learning, language, emotion, perception, growth, and intellectual struc- , 
ture. Many of these experimental results flow directly from the theoret- 
ical works mention^ earlier, but a significant number of them appear 
quite unexpectedly ► Most gfermane to -the present issue of nonsocial causes 
is. Wi^^'s . review of the physiological and anthropometric r^searoh on 
these years (White, 196?). He cites* a variety of sources wliich document ^ 
a "juvenile growth spurt ,'''"^1^ "midgrowth spurt ,"^which may be most reliably 
seen in measures of width (Tanner, 1947),. Neural tissues, of particular 



Interest to psychologists, are said by Scannon (1930 to have Reached 
90% of » their adult mass by age six. In a study of neural functioning, 
Dus£man^ and Beck (1966) have shown that the visually evoked potentials 
from cortical areas peak in amplitude around the sixth year. There is 
alsc^nsome evidence for change in endocrine funcfidn at this time (dfee 
Tanner, 1955a, 1955b) but as in other areas, the specific mechanisms 
have not been located* Thus, it appears that the years from five to 
seven are a significant period in bodily, neural, and endocrine develop- 
ment, but our knowledge of what actually is occurring as regards brain 
function is quite limited, i 

A second line of evidence reinforces thie suggest ion \hat this ^8^/^ 
range is of partricular physio log^ical significance. As reviewed by White 
(1968), environmental deprivation and a variety of medical disorders 
such as diab^etes are most debilH.tating to intellectual functioning w^en 
encountered in the first five years of life. Febrile convulsions, | 
phenylkefonurla, and childhood autisn/also show changes in their effects,, 
openness to treatment, and/or prognos^is around the age of six years. - 
After this age, there seems to be some kind of **closifig of the system,", 
as the brain becomes less vulnerable to permanent damage by aome pathol- 
ogies and less adaptable to others. It can be noted in this cqntext 
that Bloom (1964), studying intercorrelations of longitudinally collected 
IQ scores, reaches a similar conclusion, concerning the normal stabiliz- 

"j ' ^ ^ 

ation of intelligence. - 

If there are unique changes in physical and physiological growth 
duting th^ years five and seven, and if the social and "psycholo|gical 
ch^inges which appear to accompany them in Western children are not 
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entirely the product of changes in their social and educational' environ- 
ment, we should be able to find anthropological evidence^f some similar 
changes in the children of non-Western societies. Unfortunately, little 
work has b'6en directed to this point, but two lines of evidence are 
available. First, there is a'^^^gestion that other societies place new 
educational, legal and moral demands on the six-year-old as do Western 
educatipn, common law, and canon law. White and Rui (1964) searched the 
ethnographic reports in the Human Relations Area Files for evidence that 
other societies give some imWi^^it recognition to changes ip the child 
at this age. They looked for indications that the child was viewed after 
this age as reasonable or teachable, as morally responsible, as able to 
take on adult work, as needing more strict supervision in the aread of 
sexuality and mddesty, or as worthy of a new role in the culture's 
religious or mythological scheme for man. (As the autho1^^ acknowledge , 
the results are open to question because of ambiguities in the Files 
concerning sped^ific behaviors; lack of verified ages of the children, 
and possible bias by the Western ethnographers. Nevertheless, they do 
suggest that most societies appear to be coping with these problems at 
this age. Most dramatic was the 937. incidence of societies having "some 
indirect assumption of adult*hood such as the assumption o^ adult work, 
the practice of separating male children from the mother or female sibs, 
new demands for modesty ' practice, etc.'* - (White 1968, p. 17). 

^ The second cross-cultural approach, which the present study will 
pursue in some detail, is to observe the fate of psychological tests 
developed for Western children, when these tests are administered to 
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non>bJ^Stern children with little or no schooling. Most such attempts, 
defllgned toward other ends, have focused^ on older age groups and there-- 
fore cannot speak to the present Issue. The work of Serpell (1969a) i 
Suchman (1966b) , and Suppes (1966) are notable exceptions for they 
directly address the question of whether a particular Western "five to 
seven" phenomenon occurs in non-Western children. In these cases-*- 
concerning the relative importance of color and form in stimulus grouping,, 
and children's sensitivity to rotation of geometric figures--the results 
were generally negative. 

Th^ larger set of studies attempting to replicate the 'Piagetiati 
work on operational thought is also relevant since, as mentioned earlier, 
this ability Is said to emerge around six or seven years of age. The 
normative Genevan data on attainment of conservation of weight, number, 
volume, etc. (Vinh-Bang & Inhelder, 1963) has been essentially duplicated 
for Western school children in Canada, the United Stat,e8, Great Britain, 
and Scandinavia (Pinard, 1960; Elkind, 1961; Lovell & Ogilvie, 1961; 
and Smedslund, 196i) . Early work on populations which were only "par- 
tially schooled," in Aden (Hyde, 1959), Hong Kong (Goodnow, 1962; Goodnow 
& Bethon, 1966), and the United States (Sigel & Mermelstein , 1965) 
tended to support the idea that not only the sequence but also the 
timing of attainment of concrete operations are independent of Western 
schooling. However, Price-Williams (1961, 1969), de Lemos (1966), 
Greenfield (1966), Keir (1966), arid Heron an<^^Simonsson(l969)hav^ shown 
attainment to be delayed from one-half to four or more years in popula- 
tions from Nigeria, Mexico^ Australia, Senegal, Tristan da Cuna, and 
Zambia. From these studies emerge several clue^^ as to the role of 
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educational and cultural factors* 

One effect of Western schooling can be to focus the young child's 

attention on the way things ^look* American children (Bruner, 196^ft))»iidd 

schooled Wolof children, both urban and bush .(Greenfield, 1966), rely • 

V 

heavily on perceptual Justifications of their responses to the conser- 

vatlon of volume task. If the vessels are screened from their view while 

j 

the liquid is poured ,^ young children in transition to conservation are 

protected from the misleading visual cues, and thus are more likely to 

give a correct answer. In contrast, unschooled Wolof children, both 

conserving and non-conserving, are not ao dependent on perceptual reasons 

and screening does little to improve their performance. Their failures, 

rather, stem from attributing ^'action-magic" to the authoritative exper- 

f 

imenter: allowing them to perfortn the pouring transformation themselves 

increases their conserving responses to the level of their schooled • 
< 

village-mates and Western children. 

The results of Heron and Simonsson (1969) and Goodnow (19^29 , 
however, demonstrate that "schooling" can have, or not have, a variety 
of effects. In the former study, fully a third of Zambian seventh 
graders failed a non-verbal test of conservation of substance. In the 
latter, a poor curriculum, particularly in science, was associr^ed with 
a decline in conserving behavior during the early teens. De Lacey (1970) 
Heron and Simonsson^ (1969), and de Lemos (1966), among others, have 
pointed oift the crucial role of what happens outside school and the 
general cultural acnbiance. The york of Price-Williams (1969) has focub^d 
on the specifics of non-school experience. Following up his own suggest 
tlon (1961) that active manipulation might be a factor in the minimal 



lag in' conserving by unschooled Tlv children, he studied the children 
of potters land of non-potters In two Mexican villages. In both cases 
he found that the potters' children attained conservation at a rate 
similar to the Swiss norms, whereas the other children lagged by a year 
and a half. In the cases of those children who had the most extensive 
experience working with clay, their advantage generalized to include 
conservation of number, liquid, weight, and volume. " Sigel and Mermelstein 
(1965) postulate similar factors behind the sex differences in their 
data, and Kier (1966) points to the absence of aUch activity In explaining 
the delayed conservation by Tristan da Cuna children. 

Variations in performance on the Geneval tests,, ther^ are probably 
best viewed as a -complex result of Implicit social and intellectual 
patterns, explicit training of intellectual attitudes and strategies, 
and specific long-term experiences with relevant objects^ All of these 
affect the formation and integration of cognitive structures, and their 
utilization in a particular situation. 

0 

Regardless of the ultimate validity of this view, however there 
remains the question of whether some internal change around the' age of 
six produces the pol^eAtial to understand the world in certain ways, 
which potential may or may not be brought to fruition in all domains. 
To this point, we should note that statements concerning delayed attain- 
ment of conservation focus on the age at which half the subjects succeed. 
But the changes with age in group means are not linear. In every study, 
there la a steep rise in atti^inment beginning around the seventh year. 
Greenfield (1966) provides the cleanest case in her unschooled bii&h 
children: 25% conserving at "six to seven" years, 457.* at "eight to 
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nine", and 50% at "eleven to thirteen."' XHeron & Simonsson's (1969) 
and de Lemos' (1966) data are more dramatic but the possibility of a 
"puUl-up" effect by early schooling cannot be ^iminated, even in view 
of the limited final effects.) That a Change as fundamental as the onset 

f operati'tnal thought should b^gin so dramatically at a similar age in 
several diverse cultures is impressive. 

In sum, there is evidence of many sorti, from many sources, sugges- 
ting that between the fifth and seventh years of life all normal childr^ 
undergo a relatively subtle but pervasive change in their physical and 
mental growth, and that these changes will occur naturally, without any 
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ific and direct prodding>^ The hypothesis is by no means proven, 



however, and as oi^e progresses from Geneva to Dakar, and from skeletal 
structures to cognitive structures, the evidence grows weaker. It was 
the goal of the present project to sample the variety of tasks which 
have been, reported to show these changes in Western children and to 
administer them to children of a society relatively untSliched by the 
culture in which they were developed. It was hoped that the results 
^ould shed some light on which aapects of the "five to seven shif^'' can 
be thought to be relatively universal. Such delineation could point 
toward underlying processes and how these processes might be affected 
by the social context in which they operate. 
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THE STUDY 



Description of the Populations 

Two Bamplea, one urban and one rur/l, were studied In the Cenjtral 
• / ' 

African country of Zambia. Zambia Is ^parsely populatcfd (3.8 million 

Afrlcan^^nd 100 thousand EuropeanV-and Asians In 288 thousand iquare 
miles), with the more skilled and educated residents concentrated around 
the copper industry tti the north and the government in Lusaka. Other 
Industrie* and commerce are growing rapidly, especlai^^^since indepen- 
dence from Britain was won in 1964/ but life for the va*^majorlty of 
citizens remains rural, traditional and at a low ecornomlc 

The urban sample was drawn from Matero, a residential area of Lusaka 
made up of one^^8te<^, two- family structures v/ith two or three small rooms 
per family. Sanitary facilities are separate from the house and running 
water is usually obtained from one of several, communal taps. An attempt 
was made to test all the children ( plus some teenagers and adults) in 
a three block area near a coiranuiMs^ medical clinic. A recent survey 
of Matero by the ^medical team (Leeson & Prankenberg, 1968) suggested 
that approximately 227 children between the ages of three and eleven 
lived in this segment. (Because of high turnover, no exac^ figure is 
possible). The axrerage child in the current sample lived with his. 
parents and one other aeult (usually male), and four other children. 
A total of^28 tribea ^eM represented, six of them (Konde, Bemba, Cewa, 
Nsenga, Mambuse^ and Ngonl) contributing 307. of th"? sample. Ninety per- 
cent of the marriages were inter- tribal . The fathers had an average. of 
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five years of education, and the nHJthers two. Occupations of the fathers 
ranged from unemployed (rare) to driver or clerk with monthly incomes 
of up to $100, Most households were Protestant with some Catholic, Is- 
lamic, and Pagan Virtually all the men and about half^he women claimed 
to be literate in a Bantu language. Most of the adults were born in 
rural areas > as were over half the children studied. Two thirds of the 
homes had a radio A more detailed description of a similar but some- 
what mote prosperous suburb has been given by Munro (1968). 

A growing body of literature (Cabak & Najdanvic, 1965; Stoch & 
Smythe, 1967; Scrinshaw, 1968) i^uggest? that not only gross physical 
disabilities- but also previoi^y overlooked subtleties^of nutritional 
deficiency in the early years of life can substantially affeot intellec- 
tual ability. With this in mind, we note thaf neither the overall health 
standards nor the nutritional level of the Materb populttion is high. 
Data from the medical surv^ indicated that over half .the c^hildrcn in 
t'he present sample had lost a sibling. (Since there arc m*ny siblings 
this does not imply a 50% death rate.) Over a quarter of the fijmilies 
have no special cupboard in which to keep food. Cooking is often done 
over an open fire and the water is of questionable quality. The children 
have few clothes, and on the chilly winter mornings they are reluctant 
to leave the hearth./^o overt malnutrition was obsg^ved, but 'it has 
been estimated by*.FiiiheT (1968) that "between 70Z and C0% of the primary 
school children (in urban areas) ... suffer from some form of malnutri- 
tion." Twenty percent of the children admitted to the Lusaka Central^ 
Hospital 'for measles die maioily because of complications due to malnu- 
trition <Savage, 1968). Major factors in the poor nutrition are 
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substitution of soda and sweets for the traditional cornmeal (nshima) 
and relish; intestinal parasites ; and the low priority of^.etlildren in 
t^e distribution of food. 

School attendance ia normal for the urban childreji>^iwigt of them 
beginning ground age seven. Since the present data were collected 
during the short school vacation, attendance did not interfere with 
sampling. Table 1 shows the distribution of grades by age for the present 
sample and it is evident that the relationship, though strong, is not 
as uniform at upper ages as in Western cultures. 



(Insert Table 1 about here) 



Three hundred miles from Lusaka on the Great East Road lies the 
town of Katete, consisting ^of a gas station, two or three trader's shops, 
a small market, a Hindu Temple (serving the Indian traders), and a few 
brher structures. St. Francis Ho8pit|il, part of the Episcopal mission 
system, is several^'miles to the west, and the small British staff are 
the only Europeans seen regularly in the area. Sijcty miles further east 
is Chipata (Fo^t Jameson), the largest town in the Eastern Province. 
A dirt road leading south from Katete soon takes one to the district 
boma where there is a post office and several governmental offices, in- 
cluding that of the District Secretary.' k small school, two churches, 
and a pumber of houses complete the settlement. 

T^e boma roAd , followed some 10 miles south, leads one by the village 
of Chimbelekiro, from which abou^ half the rulral sample is drawn. Ac- 
cording^ to a 1963 census, there were 194' inhabitants , of which it was 
estimated about 25 were children between three and eleven years of age. 
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The village is said to have grown since then. Several mile* further a 
dirt trail, barely paaaable by Land Rover, leads to the other sampled 
village, Kazule. Three hundred ninety-nine people were recorded as 
living there in 1963, of which approximately 50 would be the right age 
for this study. In both villages round mud huts with unthatched straw 
roofs cluster around a clearing in the light woods typical of the Eastern 
Plateau. Tjhey are laid out with concern toward family units but with 
no apparent geometric organization. 

The people of the villages are Cewa, related to the Nyanja and 
Nsenga peoples. Before Colonization, the Eastern Province Acewa had 
migrated north from what is now Mozambique, only to be dominated by the 
more aggressive Ngoni tribe. It is estimated that they settled in the 

so 

Eastern Province as the colonials entered with their Pax Britannica 
(Tew;^1950). The Acewa are largely agricultural, com and peanuts (maize 
and groundnuts) being the major crops. Cattle are seen In tfie villages 
but are kept largely as a sign of wealth and for payment of bride pricea- 
they are "blue chip stocks." Other domestic animals, such as pigs and^ 
goats^ are an innovation within the last generation or so (Bruwer, 1955). 

A few short ethnographic reports exist on Cewa groups. Social 
organization has traditionally been matrilineal and matrilocal. The 
village was a conjoint family group, with the huts of those descended 
from a ''breast" of the family clustered around the hut of the maternal 
grandparents. Religious and political life was largely organized around 
animistic secret societies, called vinyau (Hodgson, 1933). A system of 
guardianship decreed that the child was the judicial responsit>ility of 
the maternal uncle, even though dayto-day life was the concern of the 
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entire community in most cases (Bruwer, 1949, 1955). ^ 
The traditional Cewa, according to Bruwer (1948, 1949), viae born 
in his mother's hut and accepted into the tribe at one month of age. 
He continued to sleep in her hut until weaned, around three or four years ^ 
unless h^ became "clever" earlier. Leaving the parent's hut at the 

c 

of. this first stage, he went to live v)ith his maternal grandparents. 
They were the story-tellers,- the bearers of traditional wisdom. After 
a few years, the child was teased for living with grandparents and around 
seven^ he moved to a hut with unmarried peers. The youtha were generally 
free from parental influence although the girls helped their mothers 
with chores and the boys tended cattle. This stage ended with the ini- 
tiation rites at puberty. For a boy, a brief ceremony aftef the first 
erotic dream cjeclared him a man. -fiecoming » w*oman was more complicated: 
ceremonies started with the first menses and lasted through the first 
pregnancy. Married adults went to live vith the wife's relatives and 
the cycle atarted anew. Writing in 1949, Bruwer (1949, p. 19^0 noted 
that "much of these things have been dropped today, as a result of ^ 
Christianity and civilized influence, but the four mirin periods of life 
are still eminently clear." 

Discussions with the headman and other adults in the villages' of 
the present study revealed that while much of the traditional remains, 
change has accelerated. Most obviously, the matrilineal organization 
has been abruptly replaced by patrilineage and patrilocality . The 
Europeans' social system, like their political and economic ones, are ^ 
rapidly becoming prestigious and dominant. The Cewa chiefs simply 
decided to altet their social structute ^d join with those tribes 
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traditionally patrilineal as an effort toward *'One Zambia, One Nation." 
The village headmen were pjreceded by their maternal UncleQ, but will be 
succeeded by their sons; patrilocal residencea are growing more coranotl. 
Other changea are apparent too. New houaea built in Ch^belekiro will 
follow a geometric arrangement. About three-quar tera of the village 
InhabitantB are at least, nominally Christian, either Roman Catholic or 
African Reformed. Polygamy ia Btlll permitted , but it l^a said to be rare. 
In spite of these changes the village remains quite isolated, with no 
women and only a few men having travelled as far as Katete and its boma. 

The pattern of growing up as recounted to the aut fw?>y village 
adults appears similar to Bruwer's description. The first stage ends 
around three or fout years when the child moves to sleep at his gxand- 
parents* hut. the second stage ends at five or six yeara when the young 
males start taking part ip the care of cAttle and the young girls statt 
helping with the preparation of cornmesl and with other chores. The 
major criteria for this transition seemed to be. size: Just under 4 feet 
waa the dividing line. When a child i6 *'old enough to go to bed with 
someone;" he is pld enough to i»ork in the garden and get married in a 
few years. This transitloti occurs around thirteen t^o fifteen years. 

It is unfortunate that the earlier ethnographic reports Wfere not available 

I 

before the present study began, and no specific Inquir^ wils made about 

* j 

moving from the grandparents' hut to an unmarried peers' ijiut at age five 
or six. Such a change was not ^mentioned during several lengthy discus- 
sions of Cewa life, and no particular evidence of the change was seen 
in observing daily routines. But In the absence of direct evidence to 
the contrsry, we cannbt rule out the possibility that this custom remains. 
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The content of childhood, In any event, aeetns to lack the dlsconti- 
nulty of sleeping arrangements. The Acewa have no formal category of 
"childhood" as a separate state of life. There Is one village life In 
vhlch all participate according to their ability. Roles and activities 
differ as a function of sex and physical aqd emotional maturity, but t^e 
process of growing up is a more continuous otie than in Western cultures. 
Obedience an]/cooperation are the child's most important duties, viola- 
tions of which arc treated seriously. Deviations from the knowtfi and ^ 
traditional are discouraged. Much of the child's play is in tmitation 
of adult activities, often blending with the chores assigned them. Imi- • 
tation, in fact, seems to be the major process of learning, the C^a 
way is the context of life, and as the child matures he absorbs the 
behavior expected of him. While the stages of childhood described 
earlier may dictate some physical aspects of a child 'i life, there ajppeBXB 
to be few abrupt changes ih daily activities, no sudden onsfet of didacf;tc 
instruction, no formal ^Tntry into a new way of life. Bruner (1966a) 
offers a cogent discussion of this aspect of encuUuration among non- 
lAdustrial societies and the • implications for the -course of cognitive^ 
growth. 'For the preaent study, we should note the continuity of develop- 
ment' and the absence of redefinition of the child and his life during 
the middle of the first decade. 

L^tei^acy and education ate valued by most villagers as part of 
Zambia's future (they .made a generous contribution in the national drive 
for funds to start the University), but do not touch theif dafly lives. 
Government schools have. been established in the area for several years, 
but only 10 children from Chimbelekiro and about 20 from Kazule /attend 
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classes. These are mostly later-born boys who could iie released from 
family chores and were old enough to walk several hours to school every 
day. They were selected by the headman with the parents' consent. 

In summary, Western values and ideas have reached the rural villages 
in this sample, as evidenced in the social and religious reorganization, 
and the recent entry of formal education. But so far, these changes 
seem largely structural trappings. Isolated from all but a few neighbor- 
ing villages, the Cewa have assimilated trousers and patrilinearlty but 
accommodation has been minimal: the content of daily life remains tra-. 
ditional in orientation, value, and activity. 

' I * . 

Nutrition in the villages is at least. equal to that in the Matero 

sample. After weanirlg (which can be as late as ahree. years if no sib- 
lings follow) , the major daily meal is nshima (a corn mush) and a relish 

V " f 

of :?/egetables or occasionally meat. A second meal may be similar but 
is more likely to be peanuts. The absence of unsanitary, diluted bottle 
feeding in infancy, and of artificial sweets in childhood, and the pres- 
ence of some high-protein foods in the normal diet all '<;piitribute to 
the relatively high nutrltion'al level of the children in the rural sampl 
However, parasites and the often limited supply of food ^c an be seen to 
interfere with health and development. In one of the few quantitative 
studies of nutrition in Zambia, Thompson (1954) estimated that the 
caloric intake of the women and children in villages averaged around 
50% or 60% of daily requirements. A missionary physician who knew the 
Acewa (but not the specific villages in the present study) estimated 
that their nutrition was above this average. 
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A trained local aBslstant administered the tests in the local lan- 
gUage. The author was present at all times, handled some of the testing 

Ir 

materials, and engaged in friendly, though limite^, conversation. ^The' 
tearing was carried out in the rear cabin of a specially adapted Land 
Rover. This mobile li^boratory contained a small table, cabinet, and two 
benches capable of- seating four people. Curtains were u6e< on the cabin 
windows to prevent future subjects from examining the stimulus materials 
anJ frdSi Unnoying the current subject. 

Introduction to the Matero neighborhood was obtained through the 
conmunlty medical clinic, and although the daily testing activities 
proved quite a novelty, no animosity or fear was encountered. The Land 
Rover was parked at (^ne of several locations in the sampled area, and 
the children who spontaneously gathered were tested.- At the end of 
testing, each subject .was given a6 orange. Only rately (for example, 
on a chilly morning) was it necessary to seek out subjects. Virtually 
all children on the list extracted from the survney data were accounted 
for as either tested or having moved, A few children refus>ed to be 
tested, mostly three- and four-year-olds. Altogether, 176 children from 
three to eleven years were tested, comprising nearly 007. of the presumed 
target population of 227. 

Te^ing^ procedures for the rural sajj|ple were similar, A local i 
woman with several years of education was^N^rained as an assistant. Only 
m^nor changes in the instructions were necessary to replace the few wo^rds 
familiar to the^ urban children but not the rural. (Chi-Nyanja and Chi- 
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Cewa are nearly identical for the present purposes.) Testing was don^ 
in the mobile laboratory parked in the village. An attempt was made to 
test all children not in school belvoen the sgas of four and ten. This 

m 

attempt was largely successful for the males, but due to the press of 
time, a number of females were not tcNt-.ed. 

Tables 2 an<l *3 show the number, age, and sex of subjects in the 
two samples. Because ^ the separation of the tasks inta two batteries, 

I 

the incomplete testipg of some subjects (mainly teenagers), and occa- 
sional ua$corable data, the ns vary from task to task and are reported 
with each set of results. v 



(Insert Tables 2 and 3 about here) 

Estimation and Validation of Akes 

' The ages of the urban children were obtained from several sources. 

The survey^ by the medical clinic contained mothers' reports of birth 

dates for nearly three-quartert of the present; sample. These were 

checked at th^ time of testing by self-report and comparison with peers 

When there was doubt about th| age, inquiry with the mother and/or peers 

f 

usually resulted in an acceptable estimate. J 

For the rural children, a combination "of procedures was used t^ 

/ 

estimate ages. First, each subject was paired with those near him in 
age, in order to obtain rankings of rel-^tive age from the children^ Sub- 

stantial tlisagreement over any paMr was interpreted to mean that the indi 

'J 

viduals concerned were within a year of each other. The :f inal ranked 

list, constrycted and^ amended throughout the study, was chepked with ^$ 



several adulW in the community. They agreed with all the unanimous 1 
rankings and were able to straighten out all but a half-dozen of the 
confusions. It was more difficult to pin down absolute aees. Stated 
ages, available for about half the children, were rarely credible. In 
each village, however, at least one child could be identified as having 
been bom Just before the rains of Independence Year--October-November , 
1964. These children provided an anchor point for the l,6w end of the 
rankings. Puberty was used as an approximate anchor at the upper ages 
of interest. Between' these points, ages were assigned with regard to 
the natural groupings in the list, adults* advice on who was bom "rains 
apart,'* and the author *8 Judgment. ^ 
Two physical. growth measi^es weYe taken on both urban and ruraL 
bhildren before administering the psychological tests in an attempt to 
validate the procedures used for estimating ages in the rural sample. 
If the rural ages are accurate, goer' the logic, they should show the 
same^lationship to the phy^cal growth measures as do the more reliable 
urban ages. 

The first measure was to note the presence or absence of adult 
dentition, particularly the central mandibular incisors which ^have been 
shown in several Western populations to erupt during the sixth or seventh 
year, (Vaughan, 1964; Carlos & G. Nelsohn, 1965 ; -Clements , Dav ies -Thomas , 
fii^Prichett, 1953i Logan & Koiiifeld, 1933). It is generally assumed 
that "considerable individual variations in the timing of eruption" can 
be caused by "geographical location, social conditions, race, and sex" 
(Boyle, 1965, p. 31), but direct evidence on the role of genetic and 

V I ^ 

environm^tal factots is scarce. / 
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Garn, Louis, and^Kerewsky (1965, p. 228) refier to "large racial 
differences in tooth eruption timing, differences in excess of 107., wheij 
Chinese, Whites, Negroes, Amerinds , Asiatic Indians and Eskimos are all 
compared." Dental information on Bantu peoples is virtually nonexistent, 
but it has been demonstrated in some other African samples that ^he erup- 
tion of permanent molars is generally similar in timing to Western 
samples (Hierna'ux, 1970) . Xhere is a t&nd^ncy in some African groulps 
for the second molars to appear earlier than in Caucasoids (Suk, 1919; 
darothprs, 1947) which Chagula (I9fe0) has related to the precocious 
skeletal development at birth of some African infants. Hiernaux (1970), 
however, implies that no mean difference^ greater than one year between 



African and Wfestern samples have been adequately demonstrated. This 
would agree with the estimate of Garn, et al. (1965). In any event, 
there is no reason to expect on genetic grounds significant differences 
between the 'rural and more heterogeneous urban samples of the present 
study. In the absence of more appropriate information, we can also 
expect an average age at eruption within one year of the Western norms. ^ 

Most of the work on the effects of malnutrition on growth has used 
somatic measures largely unrelated to the eruption of permanent teeth 
(Filipson, 1968). The data of Garn et al. (19155), using'the well-fed 
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Pels longitudinal population, provide sotnel evident>e for a relationship 

4 

between caloric surplus an<jl advanced dental development, but even there 
the genetic factor remains dominant. They conclude that "probably 
because tooth formation has sucly^a high* genetic component in man, nutri- 
tional factors are easily missed except en masse and in major nutritional 
extremes'' (p?. 240) . 
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As a •econd growth meaoure, eaclv child vfaa aaked to touch hla' right 
ear (the auditory meatus) with his left hand, reaching over the head ^ 
and keeping the neck straight. This is not unually possible until around 
the sixth year and, interestingly enough, waa the criterion for entry 
^to school during colonial times in Ztobia., 

Figures 1 and 2 show the percentage of children at each age in each 
sample attainini^hese criteria. The curves for the two populations, 
though not identical, offer substantial suppdrt for the ages assigned 
to the rural children. The dental data are consistent with Western norms, 

The greatest sample differences (not significant) are among the seven- 

\ / f 

and 8-year-old8, and it will be seen later that their data are occasion- 
ally puzrling. ^No differentiation is ^possible after nine years, but 
exact ages are of less Importance there for the current thesis. 



(Insert Figures 1 and 2 about here) ^ 

The Test Batteries 

Fourteen tasks were developed and pretested in suburban Boston, 
Massachusetts. They were chosen from those T>henomena showing change 
during the fifth through seventh years which held promise for relatively 
simple cross-cultural use. Adapting the tasks to the local language 
and culture was carried out in Lusaka, with the assistance of the re- 
search faculty and staff at the Human Development Research Unit of the 
University of Zambia. After prelimina^ discussion and changes in the 
tasks, the instructions were translated by a native speaker into Chi- 
Nyanja, the Lingua Franca of Lusaka, and then translated back into English 
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by •nothcr native speaker • This process of translation was repeated 
until both the author and the local assistants were satisfied with the 
results. Pretesting the results In sevferal forms with a number of urban 
and rural children led to further modifications. -One ta^k was ellm^ted 
entirely. The final procedures are described In the next section. 

^Slnce the resulting ^et of 13 tasks was too long for many of the 
young children, two overlapping batteries were created. Four tasks were 
contained In both the A and B batteries; the remaining 9 were assigned 
to either A or B. Each battery was given In reversed sequence for half 
It^ presentations to control for order effects. Thus there were four 
presentation sequences' (A) digit span, squares, diagonal, face-hands, 
brothers, Bender-Gestalt , recall, color-form, left-right, and rotation; 
(A') Same but opposite order: rotation through digit span; (B) digit 
span, squares, diagonal, face-hands, contradiction, signal detection, 
and delayed auditory feedback; and (B*) contradiction through digit span 
In opposite order, with signal detection and delayed auditory feedback 
remaining at the end to facilitate Introduction of the tape recorder. 
Analysis of variance revealed no significant differences between the 



two batteries (for the four tests In common), or between the two admin- 
istrative orders. . 
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The Tasks: Background-, Prooedures, and Results 

Digit Span 

The launedlate recall of a aeries of spoken digits Is a standard 
Item In mental test batteries such m the Stanford'-Blnet and the WISC. 
Although the traditional rationale fo/ this emphasises the role of 
attention and resistance to distraction (Rappaport, Gill, & Schafer, 
1945; Wechsler, 1944), recent research ha^^fayed down the effect of 
visual ^d auditory Interference (Craddlck & GrossAan, 1962; Guertln,^ 
1959) In favor of "primary memory? (Dallett, 1965). In his review 
article. Prank (1964) states that the Digit SpA Test usually factors 
onto a dimension of "memory'* rather than one of ♦'freedom from dlstrac- 
tablllty." Scores Increase substantially during middle childhood, and 
tHere Is some Indication that the test. drops In correlation with IQ . 
after the age of five or six (Terman & Merrill, 1962). These facts and 
its familiarity to Western psychologists suggested It as a useful compa- 
rative test. In addition, It conforms with the advice of N^ssen^^ Mach^- 
over, and Kinder (1935) that "tests which Involve Imitative functions, 
Inmedlate memory, ... and which ... are practically without representa- 
tive content" are most useful when working in non-literate societies. 

9 

The stimulus series were taken from Wechsler (1944) and administered 
as suggested, at a speed of approximately one digit per second with the 
voice dropping on the last digit of the series. Pollowing the sugges- 
tions of Blackburn and Benton (1957), only the more reliadile forward 
version was used; subjects were asked to repeat both series at a given 
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level of difficulty regardless of' their success on the first; and testing 
was terminated after three successive failures. The maximum number of 
digits ''successfully repeated was recorded a« the subject's score for 
this test. An alternate set o^dlglt series, using only the numbers 
jone through five, was used for those subjects who, when asked before 
testing, were unable to count above five. 

It should be noted that the traditional Cewa numbers, with base ^ 
have all but disappeared a^a coherent arithmetic system.- The cardinal 
numbers modzl, wlrl, and ta£u are commonly heard, hut only as synonyms 
for t;he European one, two, and three. Most figuring Is done In the as- 
similated European version (e.g., "sevtfhl") . 



(Insert' Figure 3 about here) 



Figure 3 shows the median maximum number of digits recalled for 
each age group In the urban and rural samples. The scores averige one 
point or more below American norms (e.g., T^rman & Merrill, 1962) i.. In 
both samples\there Is a general Increase In memory span for dlglja wl^h 
«ge. (£ of F less than .01 In both cases), but only the urban data show 
any, suggestion of a departure from linearity, the greatest Increases 
^re between four and six years. The urban children perform significantly 
better than the rural ofies at ages five and six (£ of t - .06 at five; 
£ -'".01 at six; £ greater than .10 at other ages). 

The preliminary screening ''questlon--"count as high ^s you can"-- 
demonstrated dramatic Increares around age seven In the chlldrens' abil- 
ity to courit (Figures 4, 5, and 6). The great majority are able by thli 
age to coun/ to five, and many are able to go higher. The apparent 
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urban-rural dlfferencea are not stitlstlcally reliable. 

(Insert Figurea 4. 5. an<d 6 about here) 

Color-Form Dominance • • 

A nimber of studies, using a variety of procedures, have in^sti- 
gated the apparent increase with age in using form, rather than color, 
aff the determining cue in matching visual stimuli to a standard. There 
it considerable evidence that Western children over six years choose on ^ 
the basis of form (Descoudres, 1914; Brian & Goodenough, 1929; Colby & 
Robinson, 1942; Segera. 1926; Corah,. 1964; Suchman & Trabasso, 1966) . 
Just under that age, childre^ are said to be largely color dominant 
(Brian & Goodenough, 1929; Colby '& .Robertson , 1942) or mixed (Dfiscoudres, 
1914) . Engel (1935) and Lindberg (1938) present evidence for a weaker 
trend for use of the color clie dominating until the age of twelve or 
thirteen. She picture is further confused by the reports of Doehring 
(1960) and Kagan and Lemkin (1961) who find fio consi-stent age trends. 
Variations in performance have been attributed ta a number of factors: 
intelligence (Engel, 1935; Lindberg, 1938), education (Honkavaara. 1958; 
Serpen, 1969b), sex (Lindberg, 193^; Colby & Robertson, 1942; Honkavaara, 
1958; Doehring, 1960; Kagan 6,.Lemkin, 1961), personality (Lindberg, 193C; 
Keehn, 1954; and t'h* related diagnostic procedures Of Rorschach), lin- 
guistic factors (Doehring, 1960; Suchman, 1966a; Carroll & CaSagrande, 
1958; SerpeU, 1969b), and race and culture (Colh^ & Robertson, 1942; 
Suchman, 1966b; Gay C Cole, 1967; Serpell, 1969a). Stimulus factors 
have also been shown to be of some importance (Jlu&ng, ^94^5; Corah, 1966; 

* * * 

Serpell, 1969b) . 
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Testing procedures In the current study were similar to previous 
one» In asking the subject to choose which of two stimuli Is most like 
a standard stimulus, where one Is similar In form but of a different 
color, and the other Is thd same color, but of a different form. Six 
white, plastic-covered xiards measuring 7 by 9 Inches were used. The 
standard stimulus was centered in the top half of the card,. the two v 
choices being below, side by side. Thus the three stimuli were at the 
vertices o'f an imaginary triangle. Each stimulus was one of three forms ' 
(square, circle, triangle) and one of three colors (ted, blue , ^e 1 low) . 
The stimuli were of similar apparent size, the square being 2 inches on 
each aide; the triangle 2.5 inches on each side; and the circle slightly 
under .2.25 inches* in diameter. Card one had a blue square compared to 
a blue triangle and a red square; card two, a red triangle compared to 
a yellow triangle and a red circle; card three, a yellow circle compared 
to a blue circle and a yellow square; card four, a blue triangle compared 
to a blue square and a red triangle; card five, a yellow square cotppared 
to a red square and a yellow triangle; card six, a red circle compared 
to a red triangle and blue circle. 'Thus the cards were balanced for 
position preferences. 

The research assistant presented the first card to the subject 
and, -pointing, she said, "Here is 'a picture of three things. See, one 
here, one here, and one here. Look at the top one (pointing to the 
standard) and tell me which of the bottom ones (pointing repeatedly to 
the two Ijottom ones) looks like the top one." The procedure was repeated 
with the remaining five cards. After the subject had answered on the 
last card, the research assistant point^r^^ the standard and the bottom 



figure to wKlch the chllJ hacT not* pointed , and said, "NotS look at theae 
fwo. How are then.e two the same?" The child's immediate anawer, 
lack of it, WBB recorded and questio^nlnl was continued (If hecea«ary) ' 
until the Bubject acKnor^ledged that theire was a Blmllarlty. the othel: 
five cardB were the^ repeated In reverae order, the piTrpoae being to 
teat realBtanqe to t^he Implication that the subject bad chosen the wrong 

-dimension. This procedure was eliminated ff the subject had shown no 
dominant tendency Xfive or six ari^wers on the same dlrtenslon) . At the 
end,- a^venth card was presented to the subject with a blue^ triangle 

th^ standard, cf>mpared to a bluev triangle and^ i red Circle. Prefaumv 
ably subJect^s who |ave mtxecj responses to the tests because of confusion 
over the instructions might answer thla^ identity Itetn Incorrectly. „ 

It may be noted that there was difficulty in formulisting the inftruc 
tlons for this task. For Txan^le , one of the common terms for "the tame" 
lmpiieB'"the aame form." After coneultJmg with three local research 
aasls'tants and several other native-speaking adults, a phrasing \*as 
chosen that was generally agreed to be unbiased with regard to form and 

color. ' ^ 

Qnly four subjects failed to pass the identity item (card seven) , 
a five- and a seven-year-old in the urban saojple and a four- and a flve^- 
year-old in the rural san)ple. Their data, were r*mOved from the analyfis. 
Figures 7 and 8 show the percentage of children at each age responding 
on the baslA of color ifive or six Of the six cards), form (fiv^e or six 
of the six cards), mixed (fewer than five on both cues), 6t having un- 
•corable data (position preference or persistent inability to follow^ 
Inatructlons) . In both samplob the general level of form responding 
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Is clearly 'b?low tha,t te|)orted for Ei/topean children felted above), 
by- 'aduUhood the scores seem to be jiithin th^ range reported fdr th^ 
Europeans; Comparison with the Zambiao data of Serpell '(1969a) , althougjv^ 
not entirely. comparable, reveals no dramatic differences- There appears 
to be an increase in form responding with age in the urban sample begin- 
ning around age six. Amoftg the rural^^ubjects, no four-year-olds respond, 
pn the basis of form; from five pn there is a plateau which shows no 
stable increase until th^ teens. 



(Insert Figures 7 and H^bout here) ^ 

The most interesting result mSay be the decrease with age in the 
percentage of subjects giving mixed responses* In both s^amples this 
percentage has dropped to zero by eight years, with occasional reoccur- 
rences thereafter. Some previous studies do not explicitly discuss the 
treatment of inconsistent data. Figure 9 presents the percentages of 
form responders based on only those subjects who showed a clear domi^ 
nance ^r color or form. The uj^an dat;a now show a sharp increase be- 
tween the ages of five and seven, with a smaller increase after nine. 
The extremely small ns of t;he rural sample make its curve erratic, and 

it is difficult to draw any generalization; but it appears similar to 

ft , 
the urban sample in shape. 



(Insert Figure 9 about here) 

Analysis of responses on the repeated presentation suggested that 
the strongest resistance to change was shown by the color-responding 
young children and the fo^responding older subjects, b;it the effect 
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was not striking* 

Sensitivity to Rot€(tlon of Geometric ^orms 

r 

The Inability of the young child to behave differentially toward 
two objects which differ only In their geometric orientation has been 
the object of study by Western psychologists and educators for many years. 
In 1930, for example. Rice _ showed that young children, in searching a 

matrix of simple drawings for onefs which linked ll^e 4 standard (a dla- 

3 

mond or a spoon) , paid no attention to the orientation (vertical or 
horizontal) of the drawings. At age five, a few subjects selected only 
those drawings |wlth orientation Identical to the standard, and the pro- 
portion of children doing this increased until a^ seven* Davidson 
(1934) showed that reversal errors in matching forms and words to a 
standard "decreased distinctly at the mental age of five and one-half 
years." In a second study (Davidson, 1935), her data suggested tha^ 
confusion of lietters which Involved an invejrsion (e.g., d and p) begins 
to decrease at a mental age of five and one-half or six, while errors 
continue until at least the age of seven and one-half for letters involving 
rotation around a vertical axis (e.g., d and b) . Gibson <1963) notes 
that errors in rotation and reversals of letter-like geometric forms are 
more frequent than errors involving topological transformation (e.g., 
closure) at four years of age, but they decline to nearly zero at eight 
years. The Importance of topological transformations, she points out, 
has been learned by children In the development of object perception, 
while rotation and reversal are relatively unimportant until discrimi- 
nation of letters is taught. 
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There 'is little Information .on this type of task for chlldren^er . 
than ^Ight years, but the data of Rlc<e (1930) suggest that the sensitivity 
to rotation may drop, rather than remain level, after the age of seven. 
Suppes (1966) presents data from a task In which the subject has to 
choose which of two figures, differing In size and rotation. Is most 
like a stanaard. They suggest a peak of sensitivity to rotation In the 
first grade (age six), having Increased from nursery sch^rol ^nd kinder- 
garten, and decreasing at least. through grade six. Huttonlocher (1967) 
has noted that testing procedures may have a major effect on the results, 
although her data, too, demonstrate the young child's difficulties with 
orientation. 

Rudel and Teuber^ (1963) have pointed out the" parallel between the 
young child's difficulty in discriminating left versus right diagonals 
'and the similar difficulties of the octup'us (Sutherland. 1957). and rats 
i" (Lashley. 1938); goldfish suffer a similar disability (Macintosh 6. 
' Sutherland, 1962). Su^. a parallel fits almost too nicely with the 
hierarchical view of cerebr.al organization which White (1966b) has 
related to the "five to seven shift". 

Adult subjects in non-^Western cultures seem to show similar diffi- 
culties in discriminating some kinds of ottientatlon. Shapiro (1960) 
demonstrated this with native Rhodesian subjects using-the Kohs block 
design test. The adolescent subjects of Jahoda (1956) in Ghana showed 
a similar insensitivity on the Goldsteln-Scheerer cube test. If re- 
quested, however, they could usually correct t\>elr copy, suggesting 
- differSlces in the value placed on orientation rather than a perceptual 
or analytical deficit. D^regowski (1966a) has demonstrated the difficulty 
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of Zambian subjects in interpreting thfe orientation of a depicted object. 
Serpell (1968) replicated the Rudel and Teuber finding in both urban 
and rural Zambian children. His results are in general agreement with 
the American data, but show mastery of the oblique discrimination to be 
delayed by two or three y^ats in the Zambian children. He attributes 
this lag to the substantial differences in education and environment i 
pointing out that Jeffrey (1966) focused on the same factors in studying 
the liJjprovement with age/ in American children. Suppes\l966) notes 
brief ly^hat^ Ghanaian^ sample did not show the increase in seitiitivity 
to rotation in the first year of school. 

The procedures i/n the present experiment were similar to those of 
^Ice (1930). A smBll white card 2.5 inches square was put in front of 
the child. An outlined diamond, measuring slightly less than an inch 
and .5 inches on its axes, was centered on the card and oriented verti- 
cally. The subject was then given a piece of paper, 5.5 by 8, inches 

which contained a diamond In the same vertical orientation, along with 

i 

outlined figures of a square, a hexagon, and a circle. The child was 
asked to point to the figure on his paper which looked like the one on 
the^^card, a request which only some of the very youngest children had 
difficulty in following* He was then given a felt-tip pen and told to 
touch it again, leaving a mark. After an approving comment, the research 
assistant removed both the staddard and the subject's papdr,^ and then 
presented the standard rotated 90 degrees, so the diamond, was in the 
horlaontal orientation. The subject was given a second sheet of paper 
with the same four figures in a different array. The diamond on the 
subject's sheet was also oriented horizontally. The child was again 
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Instructed to mark only the figure which looked exactly llk^ the standard. 
If on these two training sheets the Subject seemed to hs|ve/dif f Iculty, 
they were repeated with additional instructions until it| \^as clear that 
the subject either understood what he was asked to do, or thfit the ^ask 

was beyond his present ability. / 

; ^ / ^ ■ 

The first test sheet (pendicular) measured 8.5 by/ ll inches and 
contained 35 individual figures, arranged in a five by seven matrix. 
Ten diamonds were distributed randomly among the other figures, which 

■ ■ / . 

were the same as on the practice sheets, (circles, hexagons, and squares)* 
On this test sheet, however, half the diamonds were ^iplented vertically, 
and half horizontally. The standard was presented to the child in the 
vertical orientation and left in view. The subject was told that on 
this piece of paper there were several pictures liike the standard, and 
he should mark all of the ones that were exactly like the standard. 
Only if he began to mark figures other than diamonds were any furthej 



instructions given. 



When the subject was finished, both "his response sheet and thej 
standard were removed without comment. In their place wejre put the 
second test sheet (oblique) and the standard diamond, now oriented |45 

degrees off the vertical, from upper right to lower left. Half tht dia- 

J 

monds on the subject 'a sheet werB oriented the same way, and half from 
upper left to lower right. The instructions w^re as before. 

If on either of the^two test sheets the subject marked any of the 
rotated diamonds, the discrepancy was pointed out to him after comple- 
tlon of the oblique test sheet. "Look, you matlced this one whio4i goes 
this way, while the one up here says to mark only those that go that way* 

com 



Considerable emphasis was^given the difference In orientation both 
verbally and by tracing the flgCires, but no verbal code for% the differ- 
ence (such m% "panting up") was given. The subject was then given an 
alternate response sheet, half the size of the first, and told "Now this 
time mark only the ones that arc exactly like tifils one," the standard. 
Approval of his performance was Indicated at the end. 

Figure 10 shows the percentage of children at each age who were 

6 ■ 

able to proceed through the practice trials without difficulty and com-- 

plete the tasks. (A few of the remaining children were able to proceed 

to the first test after repeated Instructions.) In both samples, many 

of the youngest children were unable to follow the Instructions, with 

the percentage of successes rising rapidly to nearly 100 $t age five or 

fl 

sixv The amount of time required to answer each of the test sheets 

varied from 10 seconSs to well over 3 minutes, the median being slightly 

less thaif 1 minute. The average time was- seen to vary as a function of 

\ 

the task Cthe oblique set was generally completed more rapidly than the 

r 

perpend Ictilar one) ; and by age (the subjects under six or seven years 
generally taking mor^ than their elders. 

(Insert Figure 10 about here) 

/ 

Figure 11 fttiows the percentage of urban subjects for each of the 
two tests and repetitions who marked none of the rotated figures. The 
urban children make little spontaneous distinction between the rotated 
and nonrotated figures through the age of seven, after which <an increase 
Ing number of subjects respond only to the unrotated figures. The appar 
ent se^isltlvlty of a few of tj^ youngest children may be the result of 
> 
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poor «e*rch strategies (see below). In the rufal sample (Figure 12) 
all subjects at all ages spontaneously marked at least one of the rotated 
figures. It is clear from the repetition curves of both 'samples that, 
when pressed, many of the older subjects are able to make the distinction 
between the rotated and the unrotated figures. In ^fhe urban sample this 
ability first seems to appear at age seven, but it is not until the teens 
that the rural subjects can show any differentiation. The oblique dis- 
tinction seemed more difficult for both samples. 



i 



(Insert Figures 11 and 12 about here) 



If we look only at the figures with orientation identical to* the 
Standard, we can derive some information about the thoroughness of the 
child's performance. Regardless of his behavior toward the rotated 
figures, if he was able to maintain attention to tlje task at hand, and 
use an efficient sesrching strategy, the subject should have marked all 
five of the unrotated figures. Figure 13 shows the median number of 
correct (unrotated)"^f igurea marked by each sge group in the perpendicular 
task. It appears that the growth curve is largely completed by arounrf 
nine years in both samples. Results from the oblique trials are similar, 
and the conclusion is corroborated by an analysis of subjects who marked 
figures other than the diamond (e.g., circle, hexagon, or square). Such 
errors were frequent in the young urban subjects but had ^sap^^ared by 
age seven (with the except^on of on- adult). They were extremely common 
in the rural children but rapidly d^reased as s function of age and 
progression through the task. On the first perpendicular trial such ^ 
errors had dropped out after age nine, and on the oblique repetition 
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there were no such errors after age iix, ^ 



(Insert Figure 13 about here) 



m 

Bender Gestalt Teat 



Since it a development in the early 1930 'a' by Bender, the viaual 
motor GeatAlt- test (Bender, 1938) has aeen widespread application- 

i 

Claims have been made for its validity in aasesaing native intellectual • 

t 

ability, perceptual acutenesa, emotional stability, psychodynamic mech-* 
aniama, and the physical integrity of the brain. Afte^p an extensive * 
review, Billingslea (1963) concluded that, when uaed with adoleacenta 
and adulta, the test could be useful in discriminating psychotic and 
organic populationa from normal subjecta. Up until the age of twelve 
or thirteen, however, its only defensible use, when properly scored, is 
in assessing intellectual ability. Koppltz, for example, uairtg her 
acoring ayatetn (Koppitz, 1960), haa found aubstantial correlation with 
Wise acorea (Koppitz, 1958) and with achievement, and readiness testa 
(Koppitz, Sullivan, Blyth & Shelton, 1959). In presenting her normative 
reaulta, Koppitz (1960) points out that "there is a marked drop in score 
between the age of five and the fge of seven. Thereafter the decrease 
ia more g^jidual, and seema to level off at age nine when aufficient 
maturity in viaual^motor perception has been acquired byJ most ^a to 
draw the Bender correctly without any distortions.^' Smith and Keogh 
(1963) /ilao report "the greatest change in performance ... between kinder 
garten and grad* two." In neither study were subjects below kindergarten 
or age five teeted. 
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In the present study, only three of Bender's line figures were u»«d 
Design A consists of^'^ circle and a diamond, -side by side, Just Ijouchlng; 
design two has eleven columns of three small circles each, the coluoiKs 
being tilted slightly to the left; and design six shows two Intersecting 
sinusoidal lines. These were chosen, after preliminary work, to sample 
the four summary factors of Koppits' scoring system (distortion of shape, 
rotation. Integration, perseveration); the three types of designs in- 
cluded by Bender <closed figures, lines, and dots); and Koppltz* obser- 
vations on which factors and designs might be most .responsible for the 
large ^hange in total score between five and seven (Koppitz, 1968). 

E^ch design was drawn with black ink on a white card measuring 4 
by 6 inc^i^^A^hich was then laminated in clear plastic. Testing proce- 
dures followed the instructions of Bender (1946). The subject was given 
a sheet of blank paper and a felt-tip pen, and the first card (A) was 
placed In front of him. The research assistant told the subject to draw 
what he saw on the card, to mark his paper so it looked like the standard. 
No time limit was imposed, and the responses to any questions were non- 
directive. The procedure was repeated with cards two and six, using the 
same sheet of paper, unless the subject reques.ted another. ^ 

After completing the three drawings, the subject was given design 
A again, and a piece of transparent tracing paper. With the research 
assistant holding the paper firmly over the design, the subject was 
asked to move his pencil over the black lin***! that he saw on the paper, 
that is, to trace the design. 

The three drawings were scored according to the system of Koppltz 
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(I960), once by the author, and once by a Western researclj asaiatant, 
without knowledge of the aubject'a ag/ The Phi coefficient for the 
Scoring reliability on the 746 scoreA for the urban aampfe was ..^ij^nd 
for the 459 scores of the rural sample^ .84. After careful coraparlfon, 
most of the disagreements were resolved to the satisfaction of tjpth 
scorers. For the eight unresolved scores, those assigned by the author 
were used for analysis J A total score for each error type was formed 
by summing across designs. The maximum scores were: distortion, 3; 
integration, 3; rotation, 2; and perseveration, 2. 



Two scores were derived from the tracing of detfign A. The first 

reflected whether it was copied as a Gestalt, as two separate figures, 

or was unscorable (e.g., no closed figures).. Presumably, separation of 

the figures (Koppitz' integration) or reorientation (Koppitz' rotation) 

indicated an active restructuring of the design, since the proper orien- 
ts 

tation and placement were clearly visible through the paper. Second, 
the quality of the tracing qf the circle was rated on a five-point scale, 
from 'Virtually perfect" (1) to "barely recognizable" (5), in an attempt 
to assess motor coordination. The criterion used by the rater was how ^ 
well the subject appeared to have succeeded in making the pencil go as 
*he wanted. The three-point Gestalt score had an interrater reliability 
(Pearson r) of .92, and the five-point quality score of .61. 

Figures 14, 15, 16, and 17 present the total score on each of the 
four types of errors at each age for the o^o samples'. Both distortion 
and integration errors decrease substantially with age, the major decline 
occurring between ages five and nine, and five and eight, respectively. 
The rotation scores are quite uneven in both samples, while there is a 

CGiH 



A. 



ft ' • 

■f 

Suggestion of a U-shaped curve for perseveration. Analyais of variance 
indicates that all the age effects are significant beyond the .05 levels 
except for the yrban rotation (not significant) and tl\e rural i;)jBr8ever- 
ation (p " .18) scores. • 

Inspeqtion of error curves for each design (that is, before summing) 
indicates the coherence of each error type was greater in the urban , 
sample than in the rural one. Figures 13 and 19 show this for integra- 
tion. The perseveration curves (not shown) reveal that design six is 
largely responsible for the apparent peaking and decline in perseverat6n 
errors. 

(Insert Fi&ures lAv 15. 16. 17. 18, and 19 about here) 

The Gestalt scores for tracing design A are shown in Figure 20. 
In both samples there is a sharp increase up to the sge of eight in the 
percentage of children who copied the Geatalt. T^his rise was somewhat 
more rapid for the rural children, in part because of the difference in 
unscorable responses. The quality of tracing underwent a more gradual 
Improvement, as seen in Figure 21. Th6 age trends of both scores are 
stable beyond the .01. level in bot^ samples. 



(Insert Figures 20 and 21 about here) 

The amount of time required for each drawing varied considerably, 
from subject to subject, and design to design. In both samples, t^ybjects' 
tended to take more time with age (£ of F less than .01) , with a sharp 
increase for the urban children around age seven when they start school. 
The rural performance was more variable, with a curious peak at age eight 
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on all three deslgna. In both samples, those subjects who spent longer 
on the design also looked up at th6 model more ^ often. - 

Drawing the Diagonal 



r 
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The emerging ability to copy a diagonal has been explored in detail 
by Dlaon (1968). Five-year-olds, he has shown, can recognise diagonals 
land sort them from non-diagonals. They. are likely to fail, however, in"^ 
I reproducing a diagonal of checkers ori a checkerboard, even though the 
motor responses required in this task are demonstrably within their abil- 
ity. They can recognise their failure,, but are unable to point out the 
specif ic. error. Olson further demonstrated that verbal^ instruction in 

d 

specifying V:he necessary attributes produced a significant increase in 
success, but that non-verbal rehearsal ^ a sorting procedure did not. 
TP(i^ explanation offered by Olson rests in a Piagetian framework of cog- 
nitive representation. What the unsuccessful five-year-old cannot do 
is call forth the conceptual attributes of the diagonal (si^ch as starting 
in a comer, being a straight line, and ending at the opposite corner) 
and produce these attributes in. serial coordination with the whole. 

In the present study the subject was given a piece of paper measuring 
8 inches square, with A square 2 inches per side outlined in the center. 
A similar sheet, with a diagonal drawn froi^ upper-right to lower-left 
was iiresented as the standard for the subject to copy. Thej;^earch 
Assistant, pointing to but not tracing the diagonal on the standard, told 
the subject: "Put this line on your paper, so your paper and my paper 
are the same." Each response was scored by the author and a Western 
research assistant, without knowledge of the aubject's age, as being 
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either (1) correct, (2) having an erxor (e.g., starting In one corner 
but curving to end on a side) or (3) complete failure U.^g. , a horizon- 
tal line o'r a circle) . The loterrater reliability (Pearson r) o£^ this 
scoring was .93. Responses In the first two categories were analyzed 
for their orientation being correct (upper right to lower left) or^ re-^ 
versed (upper ^left to lower right). 

In the urban Sample the ability to draw a diagonal correctly ap- 
peared at age five and increased thereafter (Figure 22). Only three 
- children' (two seven-year-olds and ^one nine-year-old) who corijectly started 
their diagonal were unable to finish correctly. In the rural sample 
(Figure 23), the ability ^ppear^^more gradually with at least one subject 
at most ages in the transition category (error). It is not until age 
seven that a totally* correct response was given. Both samples show s 
rapid fall in the percentage of subjects unable to start the diagonal 
correctly, from 1007. to 07, between ages four to <|even in the urban sample 
and five to nine in the. rural one. 



(Insert Figures 22 and 23 about here) 
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It is not until age five or six, , therefore, that we can begin to 
w^%Bt:BB the accuracy of the orientation of the drawing (FiguVe 24) . Even 
in the urban sample accuracy is not greatly above the chance 50%, but 
there does appear to be some increase with age. (The apparent high 
success of the five-year-olds is misleading because of the extremely 
small n.) In the rural sample it is only at the upper ages that the 
subjects are numerous enough to suggest any generalization, and perfor- 
mance is only slightly above the chance level of 507«. 
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(Insert FlRure 24 about >jhgre) 



Di8crimljiat;lon of Rl^ht and Left" ^ * \ 

The ability' to* reliably diitinguiih one^ right hand frdm bne'a 
left develop! when the child is about six yean old. As Piagetf( 1959V 
haa pointed out, the sense of objective left/right, necessary for iden- 
tifying the rlgl^t hand of someone facing the subject does not devel*op 
until later. Piaget sees thU. ability as part of a generally increasing 
accuracy of localization ani orientation, and a decrei^eyin -egocentrlcify . / 

y \ 

Bentpn (1959) relates it to symbolic verbal abilities, and the»ir emet- 
gence around age six. 



- The English wprds "r^ght" and ''left" have been partly assimilated 
into Chl-Nyanja. For testing, both the English and the Nyanja (Cewa) 
were used' in cafe one was unfamiliar, to the subjec^ He was first asked, 
"Which is your right. hand? Show it to me." If the chi^lT'seeme^kamablc 
to underatand the question. oV answered it wrong, he was asked "Which 
hand do you eat nshima with? Show it to me." (Nohima, the universal ^ 
com meal 8 tap le in the Zamblan diet, is traditionally eaten with the 
right hand; while the relish is handled with the left.) If the child 
was able to answer the question in this form, the nshim^ /relish distinc- 

o 

tion was used instead of the right/left througfiout testing. After the 
first question, the research assistant responded "good" if the subject 
was correct, and made |^o response if he was wrong. 

The child was next shown a small doll facing him. "Which is the 
doll's right hand?" he was asked; "Touch it with your hand." Again 
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ehere was no correction, and the research assistant continued: "Now 
touch her left hand," The child was next asked, "How do you know that 
this l8 the doll's left hand?" These three questions were then repeated 
with the doll tiirned around so that Its back was to the child. If the 
child's answers' were not consistent with each other (that is, the same 
hapd always called "right"), the child was told to hold the doll's right 
hand. The doll was then slowly rotated back to the fae€'*to-face ptosl- 
tion and the child was asked again, "Now which is the doll's right hand? 
Why?" . "' ' ' 

Nearly 607, of the four-year-olds In the urban sample were tested 
using the "right/ left" distinction and by eight years of age all subjects 
understood this form. Howey^r, three four-year-olds (437.) and one five- 
year-old (107,)i responded incorrectly to both forms of the question 
(right/left and nshlma/relish) . In contrast, none of the rural four- 
year-^olds* understood "right/left", and by ag^ eight only 607, could do 
so; but all subjects answered at least one form of the question correctly. 
^ Very few of the young children in either sample were able to trans- 

pose and correctly identify (i.e.; conisistent with their previous answer) 
the right hand of the doll facing them. The general increase of this 
ability, which starts around five, seems to show no reliable disct)nti- 
nuities with age (Figure 25) - The relatively hlg^ success of the urban 
four-year-olds has no obvious explanation. Most, but by no means all, 
of the subjects in bo,th Samples were able to answer the next question, 
with the doll /acirfg ayay, in a manner consistent with their earlier^ 
d answer for themselves, as shown In Figure 26, The responses to the 
"How do you know?" j^estidns showed considerable differentiation with 
> 
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age. Answers ranged from "I Just know" to concise statements of the 
principle. Involved, but generally fell In two categories: those which 
Indicated an awareness of the Issue of objectivity, and those> that did 
not. As shown In Figure 27, It Is not until the eighth year that the 
urban children begin to give an objective rationale. With one exception, 
this does not appear in the rural sample until age nine. The results 
of the retestlng procedure were too confused to yield any information. 

(Insert Flgurea 25. 26. and 27 about h ere) 

Drawing Maximum and Minimum Squares 

As ap exataple of the chlld^s growing ability to use "asymmetric 

relation groupings (A<bCc)" as he enters into the stage of concrete 

operations, Plaget describes an experiment by Rey: "A square with sides 

a few centimeters long is drawn on a sheet of paper which is also square . 

and the subject is Instructed to draw with a pencil the stoallest square 

he can, as well the largest square which can be made on such a sheet. 

Now while adults (and; children over the age of 7-8) succeed straight 

away in producing a square^^of 1. - 2 ihllllmeters and one closely following 

ft 

the edge of the paper, children under jthe age of 6 - 7 at first draw^ 
only squares scarcely smaller and scarcely larger than the standard, , 
and they proceed' by successive, and often unsuccessful /^ial and error, 
as if they at no time anticipated the final solutions" (Piaget, 1960, 
p. 37). What the older but not the younger subjects are able to do is 
place, in thought, the perceived square "in a series of potential 
squares, becoming bigger and bigger or smaller and smaller in relation 
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to the first" (Piaget, 1960, p. 30. The ability to construct and use ^ 
this kind of grouping is a landmark of concrete operations^ 

The materials used in the present study consisted of a piece of 
white paper measuring 8 inches on each side with a ^-inch dquare drawn 
in the center; and a similar piece of paper without the drawing. The 
research assistant traced around the square on the first sheet of paper 
with her finger and said to the subject ,^"Do you see this?" Then handing 
him a felt-tip pen she said, "I would like you to dra^ me another one 
just like this except make it as big as possiblet. The biggest aqusre 
you can possibly draw." When the child had done' so, she said: "Good. 
Now draw another square, but this time make it as little as possible. 
The littTest squate you can possibly draw." Great emphasis was put on 
the references to size. No cues were given regarding the placement of 
the squares; if the subject pointed and asked "Here?" he was answered, 
"Anywhere you want, but as big (little) as you can." Then, unless the 
subject's drawings were nearly perfect, he was given the second, blank 
, sheet of papef-^nd asked to draw another minimum and maj^imum square. 
Repetition of the task without the model square was introduced 
after pretesting suggested that the presence of the model influenced 
the nature of the task. A number of subjects seemed to make unnecessary 
and detrimental assumptions regarding the placement of their response. 
For example, that the small square must be concentric with and outside 
the model, thus restricting it to at least the size of the model. Or, 
more commonly, that the large square could not be concentric with the 
model, thus limiting its size to the areas between the centered square 
and the edge of the paper. Any unnecessary assumption about the 
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conceiikrlclty of the response thus InteTtfered with one of the two re- 

quired tadt^a. On the second, blank sheet of paper, it was thought that 

y 

the problem would not arise. However, it appears that some subjects 
continued to restrict the placement of their maximum square by not allow- 
ing it to be concentric with the prior^ minimum square. Thus in addition 
to testing the cognitive operations as described by Plaget, the task 
cbntained- an element of ioalght concerning limitations on the placement 
of the Sfuares. 

Figures 28, 29, 30, and 31 {^resent the median area of the large 
and small squares, with and without the printed model, for each age 
group of the urban and rural samples. Performance improved dramatically 
with agein the urban sample, (e.g., £ of F for large area with model « 
.004). The major decrease in the minimum square occurs between five 
and eight years ; ^ increases in the maximum square seemed largely linear. 
Age effects in the rural sample are not particularly stable. The curioti?^ 
peak at age six for both maximum and minimum squares seems to be related 
to the large percentage of children drawing t-he squares concentric with 
the model at this age, as Indicated InNj^igure 33. The six-year-olds 
were also the most likely, on the blank sheet, to draw their two squares 
concentric. The urban children showfed no major discontinuities with 
age in use of concentricity (Figure 32). There was some tendency (not 
shown) to line up at least one of the edges of the various squares (when 
concentricity was not used) beginning at age four or five in the urban 
sample, and six or ^even in the rural one. 



(Insert Figures 28. 29. 30. 31, and 32 about here) ^ 
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There was a dramatic increase with age in the quality of the aquart 
drawn, regardless of its 8i?e. Each response w.s scored by the author. 
without knowledge of thfe subject's age, as (1) a circle or free form; ■ V 
(2) containing some semblance of corners; (3) a definite rectangle; or ^ 
(4) a .quafe7-T5«Qd squares were rie. Figure .34 shows the percentage 
of children at each age whd made some attempt at drawing corners on the^T 
figures. (£ of X2 of percentage by age less than .000 for each curve.) 
Equally dramatic but more representative, is Figure 35. which show. th# 
median score at eacK age. Most growth Occurred between the sixth and 
seventh years ^ ^ 

(Insert Figures 33, 34, and 35 about here) 



Brothers 

— / 

In discussing the emergence of the class inclusion grouping during 
the concrete operations phase, Piaget (1959) points out that it is not 
until the age of seven or eight that the child can count himself as 
being the sibling of one of his siblings. Thus A may have oni brother, 
B but when a«ked how many brothers B has, A will respond "None". ^ 

* There is no directly analogous word for brother or sister in Chi- 
Nyanja or Chi-Cewa. There does exist, however, the word jnlongoai, which 
in normal usage means "opposite-»^x sibling." '(Like "brother", it can 
be given a more general meaning.) 

The subject was asked, then, how many alonBoai (plural form) he 
had. If any confusion arose (stemming, for example, from the practice 
of polygamy) , the question was specified to mean opposite-sex siblings 



of the tame biological mother. The child was then asked to name the 
siblings, and using the name of the first one mentioned the research 
assistant said, "Now let's talk aboiij^ (Chidoti) . How many alongoai 
doe* (she) have?" The child was then asked to name the siblings (of 

i^Chidoti). 

A number of subjects at all ages found this task extremely diffi- . 
cult, as manifested by xonsiderable hesitation before giving the answers, 
and occasional difficulty in givinfe the names of one's siblings*- One 
seven-year-old giri claimed she could not think of her sister's name. 
When asked to look at the children playing outside the mobile laboratory 
and see if she was there, she replied "yes," and pointed her out. When 
asked the name of the girl she had just pointed to, she said without 
hesitation "Maria." Even among adults the whole series of questions 
brought forth a reluctance and hesitation not entirely understandable 
by the Western investigator. One Zamblan who had a Western university 
, education explained the situation this way: "To be questioned by a 
stranger about one's family is extremely threatening. To be asked about 
one's brother's brother, when one has just spoken about one's own ^ 
brothers, is to imply somehow that one does not belong to one's family, 
that there is a cohesive family unit without one's self. Even I, who 
, am used to Western ways, find the topic a bit embarrassing." Several 
alternatives which would probe related cognitive groupings were tried 
(such as asking if one would be a stranger in Malawi » and whether 
Malawian would be ^ stranger in Malawi), but all seemed to involve more 
procedural difficulties than the sibling question. Continued work might ^ 
^ have produced a better question. 
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Figures 36 and 37 present the results for the urban and rural 
samples. Answers were categorised as being either mature, egocentric » 
or other (e.g., I have one brother, John; John has 15 brothers). In 
both samples mature responses did not occur until age seven, after which 
they increase in number. Idiosyncratic responses predominated until age 
six in the urban sam^ and age eight in the rural sample* 

(Insert FiRut^ 36 and 37 aboiUt here) 

Sensitivity to Contradiction: Oblect Inv^riance 

The three previous taaks related to the work of Piaget (brothers, 
left-right, and maximum and minimum squares) were designed to tap pro- 
ce'sses only peripherally related to the conservation tasks. Since con- 
seryation is the only Piagetian'problem that has seer^ wide application 
in cross-cultural research, it aeemed desirable to include one of this 
type in the present battery. However, because of the difficulties in 
translation of the procedures (cf. Heron & Simonsson, 1969), and the ^ 
often lengthy questioning which has been shown to be desirable (e.g., 
Greenfield, 1966), an attempt was made to probe some aspects of the 
appreciation of invariance of objects through an entirely different 
method . 

Charlesworth (1967) has suggested that the absence of a belief 
in the invariance of the size of an object across spatial transfortha- 
tions may be revealed in response to the trapezoidal illusion. When 
presented with a plane drawing of two identical trapezoids, most West- 
V emers report that the top figure appears larger in area. Presuitiably , 
» 
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thii effect is the result of compromises the visual system must make . 
among- cues in the stimuli. Following Gregory's explanation (Gregory, 
1966) of the Muller-Lyer type illusions, the Western eye sees depth in 
the figures and, makes an effort to preserve lize constancy of the recti- 
linear plane receding in the distance. At the same time, the spatially 
contiguous parts of the trapezoid (the short top of the, bottom one, and 
the long bottom of the top one) are manifestly different in length on 
the two dimensional paper. The erroneous conclusion that the top trap- 
ezoid is larger may be the compromise arrived at for th^se two conflic- 
ting cues. In any event, the phenomenon seems reliable for Western subjects 

If tu£ position of the two trapezoids is reversed, the top one still 
appears larger, but the contradiction (that first trapezoid A was larger 
but now B is larger) usually reveals to the adult that an illusion is 
involved. However, if a young child has not yet leprned that such phys- 
ical characteristics of objects as size are not transformed when objects 
are spatiilly rearranged, he may not 5how any surprise to the change. 

In the present experiment one red and" one white trapezoid were used, 
each with bases of 6 and 3 inchec, and a height of 2.5 inches. They 
were made of colored cardboard and laminated in clear plastic. In testing, 
they were placed one above the other (balanced across subjects for color) 
directly in front of the subject, who was asked to touch the larger fig- 
ure. Labeling the subject's response, the research assistant then said, 
"Oh, the (red) one ii bigger. Now watch this.** The assistant then moved 
the figures to reverse their positions so that the trapezoid which had 
been on top was now on bottom. The assistant again said ''Point to the 
bigger one." The subject's answer along with any indications 6f surprise 
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were recorded. If on the second trial the subject pointed to the tame 
position as on the first, he was asked » "How can It be that fifst the 
(red) one is bigger than- the (white) one?" Regardless of the Subject's 
response on the second tri#l, he was next asked If the two trapetoida 
were the same size, and then If they were different sizes. Lastly, aa 
a check on understanding of the InstructicnB , a blue trapezoid of the 
same proportions but obviously greater size was presented with ^e white 
figure positioned above it. The long base of the white trapezoid was 
not^xeai)ly longer than the tQp of the lower, blue trapezoid. Thf subject 
was attked to touch the larg;er figure. 

The results were generally unsatisfactory, and they suggest that 
the data are not able to speak to the intended question of sensitivity 
to contradiction of object invariance. First, many subjects in both 
samples "failed"! the check item by pointing to the objectively smaller 
white triangle (Fteure 38). This suggests that the Judgment was made 
entirely on the basis of the two adjacent edges. A few subjects were 
unable to give any coherent answer to this item. Second, up until age 
six, a^ substantial number of subjects in both populations answered that 
yea, the two trapezoids were the same size, and that yes, the two trap- 
ezoids were different sizes. Lastly, and most importantly, the top trap- 
ezold was by no means the universal choice on trial one, suggesting that 
the necessary illusion was either different, or weaker, for the Zambian 
subjects than for Westerners (Figure 39). 



(Insert Figures 30 and 39 about here) 



If the perception of the illusion depends on the presence of depth 
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cues, as^iuggeoted earlier, there are theoretical reasona to expect that 



the illuaion waa marginal for the Zambian aubjecta. The data of Segall, 
Campbell, and Herakovitz (1966), and its re-evaluation by Deregowaki 
(1967) , demonatrate that the uae of depth cuea in such illusions depends 
upon certain kinda of perceptual experiencea. The continuoua forest 
growth on the Cewa lands, though not dense, allows little experience of 
sweeping hori;sontal vistas, and little chance to learn the visual infer- 
ences Segall ejt il- postulate aa necessary for the horiMntal-vertical 
illuaion, Moreover, the rural sample had virtually no experience with 
representing depth in two dimensions, and there ia ample demonstration 
that fluch experience is necessary tor correctly using tWo-dtmensional 
depth cues (Deregowaki, 1966a, 1966b; Hudaon, 1962a, 1962b). The urban 



children, tn cdhtraat., live^ In a visually more open environment, and 
are far more likely to have had experience with pictorial representation 
of depth, especially in school. It appears from Figure 39 that suscep- 
tibility to the illusion may be greater among the urban aubjecta. How- 
ever, the instructional difficulties were no less in that aample, and 
the results in general seein of little value for the present investigation. 

Organization of Free Recall 

Changes during the early achool years in a child's growing ability 
to form and uae conceptual categories has .been the object of study by 
numerous ^Searchers using a variety of techniquea (Kendler & Kendler, 
1962; Kueiine, 1946; Xnhelder & Piaget, 1964; Piaget. 1953; Bruner, Olver, 
h Greenfield, 1966). The starting point for the present task was a study 



by Anilett (1959) in which she focused on changes during middle childhood 
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in the use and explanation of conceptual sorting. She presented her 
aubjectfl with 16 cards, each of which contained a iimple line drawing. 
Four cards portrayed animals, four plants, four vehicles, and four 
articles of f urfiiture . Subjects were asked to sort the cards into . 
groups that go together, and were then asked for an explanation of the 
•ortlng. "The most frequent response at years five and six," she re- 
ports, '^was to make no sorting at all; at seven and eight to sort the 
i cards in eight pairs, but at nine and over to make four or five groups" 
(Annett, 1959, p. 225). By eight years, all the subjecta were able to 
produce at least one sorting. When the sortings were scored according 
to a priori groupings, the most striking result was the dramatic jincrease 
in sorting by categories (i.e., animals with animals, not animays with 
plant or vehicle, etc.) from 437. at five years to over 907. af ter\ age 
pight. The explanations showed a corresponding but somewhat delaVed 
Increase in the use of similarities between the objects and use of 
class name. 

Preliminary work with American subjects corroborated the fact that 
a substantial number of children under the age of seven would be unable 
to perform such a task. In the hope of collecting similar data without 
demanding so much t)f the young subjects, the general design of Annett 's 
work was superimposed on the free-recall technique used so successfully 
by Bousfield (1953), Tulving (1962), Cole and Gay (in press), and others. 
The usefulness of this procedure stems from the fact that the subject, 
when asked to give back a series of words which he has heard or seen, 
rarely repeats them in the original order: in the process of storing 
and retrieving the words, the subject imposes an organizational structure 

C G i 3 4 



-53- 

A. ■ S 

Success in recalling the stimulus words has been shown to be related 
to the degree /of organization (Tulvlng, 1968), use of^he visual mode 
(Horowitz, 1969; Rossi & Roflsl, 1965), verbal labeling of the stimuli 
by the subjects (Horowitz, 1969; Hagen & Kings ley, 1963), and, to some 
extent, age (Horowitz, 1969; Willner, 1967). The amount of clustering 
(organization) In the recalled lost seems tor be responsive to a somewhat 
different set of variables,, Wlllner (1967) has shown that Items belong- 
ing to cohesive concepts are more likely to be clustered than those 
belonging to more diffuse ones, and Gofer's preview (1965) amply demon/- 
strates th|it the clustering can be superordlnate , or associative, or 
Idiosyncratic, d^l>^nding upop the specific cues built in by the experi- 
menter .^^^ossi and Rossi (1965) have shewn that with clear semantic 
categories present in the stimulus, even four-year-olds recalled words 
more frequently by category clustering than be serial ordering of the 
responses. Rossi and WJttrock (1967) replicated this finding on four- 
year-olds using stimulus words controlled for associative strength. 

Evidence' on the relation between clustering and age is uneven. 
Several studies suggest a general increase in clustering with age 
(Bousfield, Esterson, & Whitmarch, 195*^; Handler & Stevens , 1967 ; Wlllner 
19^^7; Moelly, Olson, Holmes & FlaveU, 1969). Rossi , (1963) has presented 
data indicating a monotonic increase in category clustering with mental 
age, within the range of four to ten years. But Horowitz (1969) failed 
to find an age effect between five and eight years and Laurence (19673 
obtained equivocal results with nursery and kindergarten children. 

Since this question in the present study is whether children of 
various ages use different dimensions when categorizing objects, the 
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■timulus words were chosen to be open to categorization by more than one 
•cheme: cow, bird, monkey; tree, grass, com (maiee) ; axe, hoe, and 
"slasher" (a bladed, golf: club- like hand tool for cutting tall grass). 
The a^priori methods of association were intended as class (animals, 
plants, toofs) ; spatial contiguity (bird in the tree, cow eating the 
grass, and rooi^key eating the corn); and fynctional use (axe on the tree, 
caring for th6 torn with the hoe, and cutting grass with thfe "slasher"). 
Nativea of the culture agreed that these were reasonable asjociations. 

It is important to note an unusual asp^pct of this list* Although 
it is like the previously |js«4^ lists in that wqrds can be grouped into ' 
Qiutually exclusive groups (animals), the classes have a number of cross 
associations. The^e associations (contiguity and function) are not ex- 
haustive, in that neither type alone can group all the words: contiguity 
pairs the animal^ '^ith the plants, and function pairs the plants with 
the tools. Thus it lacks the symmetry of Willner's list (1967), ^'^^ ^^Jp^ ^ 
the analytic procedures by Cole and Gay (in press),* are not entirely 
suitable. 

A single colored drying of each of the stimulus words was prepared 
by hand on an 3.5 by 11 inch sheet of white paper. Ntf depth was repre- 
sented in the drawings, and recognition of the objects proved not to be 
difficult. Covered with plastic, these nine pictures were assembled in 
a looseleaf notebook in the following order: tree, cow, com, slasher, 
monkey, axe, grass, bird, hoe. The book was presented to the child with 
the comment "Here are some pictures," and the child was asked to name 
each picture. If there was hesitation in the naming, he was told the 
name and aske4 to repeat it. The stimuli were presented at an 

o 
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approximately constant rate of 2 to 3 seconds per picture. .After all 
nine pictures had been identified » the book was closed and the child 
wasr asked to say aloud the pictures he remembered. VHien tbe child had 
finished responding (or the end of 90 second^, the procedure was repeated 
with the remindifer to "remember what you see, so you can say them after- 
wards." A total of three trials was given before proceeding to the next 

f 

task. At the end of the battery (about 10 minutes later), a fourth 
» recall opportunity was g^j^» but this last trial the ?|^ctur«s were . ^ 
not shown. Finally* a constVtHLufd association task was given, by asking 
for each picture "which of the other pictures belongs with this one?" 

An for the other tasks, the younger children often had considerable 
difficulty in following the instructions. Figure 40 shows the percentage 

^ 

of children at each age in 'each sample who did not encount^j problems 
in naming the pictures or recounting the stimuli they remembered. Reti- 
cence during the recall part of the task was the most common problem, 
^hich disappeared byStga^^ix (rural) or eight (urban) . * 



. (Insert fi^i^ure 40 about here) 

A number of subjects repeated themselves in recalling the stimuli, 
but this percentage, in urban subjects, dropped nearly monotonically 
from 25% at age three to 47. of the adults. Although the age difference 
was statistically significant Cc of P less than .05), there appeared no 
reliable breaks Ifi the curve between four and the leveling off at age 
nine. The percentages for the rural sample were more uneven, and no 
generalization is warranted. Intrusions^ that irs, "recalling" words 
not included in the stimulus list, were very rare, occurring mostly in 
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the four- and five-year-old urban subjects. 

Both repetitions and intruaions were omitted in scoring the total 
number of stimuli recalled. Figure 41 presents the median number of 
correct responses at each age on trial one. The age trend (£ of F less 
than .000) becomes somewhat sharper by trial four, the rural sample 
had more very low scores thari^ the urban sample ?it*all ages, although 
these were numerous enough to affect the median score only at the lower 
ages. The apparently sharper riae in the rural performance from four 
to six years probably reaults from the initially greater reticence of 

r 

the youngest rural children. 

' ' -. \ • . - 

(Insert Figure 41 about here) 

In order to assess the extent and type of clustering in the sequence 
of recalled words, each jgonsecutive pair of words was scored as belonging 
to the same noun group (e.g., cow, monkey); related by spatial contiguity 
(cow, grass); related by function (tree, axe); related by order of pre- ^ 
sentation (tree, cow); or none of these relations. ji.fter reviewing the 
constrained association responses given at the end of the battery and 
the accompanying explanations, grass-hoe was also counted as being func- 
tionally related. Byithe same token, grass-bird and monkey-tree were 
scored ^s contiguity. The percentage of a subject's scorable pairs 
(i.er. , omitting repetitions and intrusions) falling* into each of these 
five categories was calculated for each trial and their total. In both 
samples roughly 407. of the pairs were clustered by group, 157. to 20% by 

contiguity, 15% to 20% by order, and about 10% by function. In neither 

^> -I > 

sample were there any statistically significant differences by age in 
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'dhy of the types of clustering. This appears to be due to similar group 
means y not to excessive wlthln-group variance. 

Two problems prevent the conclusion that age Is not *a factot In 
type of clustering on free recall, tasks In these populations. The first. 
Is the unusual nature of the stimulus list. The variety of'^sslble 
associations precludes a single dominant base for clustering, unlike 
most previous work In the area. If the age trends which have been demon- ^ 
strated by others represent an Increase in the ability to utilize a . 
single basis of clustering built intb the list, f h|.ghly complex list 
of words might still fall to draw it out. At all ages each subject used 

>. variety of associations, and this variety could -mask any growing abil- 
ity to cluster a particular way. 

A second line of reasoning, rather than assuming that the above ^ 
results are vali4 and therefore require interpretation^ looks to the 
scoring procedures as a source of error. Although natives of the culture 
being tested agreed that the scoring procedure was reasonable, any a ptlori 
system assumes some risk of mlsclasslfylng the associations^ inside the 
subject who produced the responses. With one exhaustive, mutually ex<- 
clusive set of categories which can be applied to the entire stimulus 
list, an a priori system can be used with dramatic success (e.g.. Cole & 
Gay, in press). But sqch is not the case here. Nor can approach of 
Tulvlng (1962) ,^ which Imposes no a priori system in seeking structure 
in the responses, be applied, because of* differences in administration 
of the task and inadequacies in the present data. 

4 pne a posteriori effort was made to uncover systematic subjective 
orderlngs in the data and it .Suggests that the apparent variety of 

^ . • 
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sequences was genuine. A coincidence matrix was constructed with each 

of the nine stimulus words being represented by one of the nine columns 

and by one of. the nine rows. An entry was then made for each ^sequential 

pair of wotds recalled by the subject, at the Intersection of the column 

representing the first word In the pair In the row representing the second 

word.*^The cell entries were accumulated for each of the four trials, and 

for their sum, for all subjects at each age level In both populations. 

At this point, inspection of the matrix is hampered by the problem of 

unequal marginals. Pot example, it may happen that "bird" is usually ' 

followed by "tree", and only occasionally bjf "gfass"; but if "grass" is 

rarely recalled at all, it may not be accurate to conclude that the 

"Jjird-tree" , association is stronger than "biird -grass". Therefore, using 

a procedure described by Hosteller (196'8), the matrix was Iterated until 

all marginals equalled 100. This procedure maintains the interrelations 

of the rows and columns (words) while eliminating the problem of unequal 

marginals (rates of recall) . Inspection of these matrices at the various 

ages, and^-s€^erat attempts at summarizing them, corroborated the earlier 

indication that within each age group subjects used a variety of associ* 
V 

at ions, and' no reliable generalizations about differences between the 
ages could be drawn* 

The Face-Hands Test 

Research using the Face-Hand^g^jtest developed by Bender and his 
associates (e.g.,. Bender, Fink & Green, 1951) has shown that reporting 
. the perception of simultaneous tact^e stimulation of the face and hand 
is a behavior which varies with brain damage (Bender & Fink, 1952), mental 
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age (Fiftk & Bender 1952; Pollack & Gordon, 1959), and altered states of 
conscJLousness (Jaffe 6. Bender, 1951). Pollack and Fink (1962) have 
provided a brief review of this work. The tesults are generally con- 
sonant with the hierarchical- view of neural and intellectual organisation, 
and of particular interest for the present study is the fact that "below 
the age of six years almost all normal children ... fail to identify 
both stimuli correctly. The children are face dominant in that they 
report the face stimulus but not the hand stimulus. Younger children 
fall to "perceive the hand stimulus even when tested with the eyes open 
(Pollack & Fink, 1962, p. 363)." 

The procedures used in the current study are briefer than those of 
Fink and Bender (1952). Two colorful soft rubber "ticklers" were shown 
to the child with the explanation by the research assistant that "now 
we're going to play a guessing game. He (the author) is going to touch- 
you with, these, maybe one place, maybe two places, and you have to point 
to where you were touched. But to make the game harder, you must close 
your eyes." A brief standard pretraining followed, during which the 
subject was allowed to keep his eyes open and any errors were corrected. 
The subject was offered, and usually accepted, the opportunity to turn 
the game around on the experimenter. The standard pretraining usually 
lasted less than a minute but it was extended when necessary. If after 
two minutes, the Subject still seemed unable to follow the game, the 
task was skipped. 

tor the actual testing, the subject sat with his hands palms down 
on the table in front of him, and his eyes closed. The first item con- 
sisteds^of touching lightly with the "tickler" the back of the subject's 
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rlght hand. He was told to open his ^eyes and point to where he had been 
touched- After his initial answer, he was asked, "Just there, or also 
a second place?" Thia procedure was repeated eight more times, the other 
items being, in order: right cheek; both hands; right hand and right 
cheek; left hand; right hand and left cheek; left hand and left cheek; 
right hand; and left hand and right cheek- 

Figures 42 and 43 show for the two samples the increasing ease with 
age of comprehension of the task- the results were moat dramatic for 
the rujral sample, in which four out of six of the four-year-olds w^re 
unable to perform correctly even with their eyes open on simple itenrs, 
a^d the other two were able to proceed only after substantial pretraining- 
By age eight jeveryone was at least able to follow the basic instructions, 
and by nine years, virtually no problems were encountered- ^There were 
fewer urban subjects in the "unable" category - 

(Insert Figures 42 and 43 about here) 

The performance-by-age curves vary somewhat with the particular 
result displayed- Contralateral items are easier than ipsilateral ones, 
and since our interest is in the initial emergence of an ability, perfor- 
mance on the contralateral items seems most germane. Figure 44 shows 
the percentage of children at each age who answered both contralateral 
items cjorrectly (either spontaneously qr after the probe) • Starting 
from nearly zero at age four, the percentage begins to clim{> thereafter. 
Again the rural -curve is somewhat sharper than the urban one, with the 
largest increase occurring between the seventh and eighth year- The 
curve for ipsilateral items is similar, but thfe increase is both later 
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and slower. 



(Insert Figure 4A about here) 

The poorer performance of the urban children at ages seven, eight, 
and nine resulted partly from their greater inconsistency: the percent- 
age of subjects answering at least one item correctly was similar , for 
the two samples. The urban subjects also made an average of three times 
as many errors on the control items (single apd symmetric touches) as 
did the rural' subjects (.23 vs .07). The two single-touch control items 
were responsible for most of the urban and all of the rural errors. 
When erring, rural^ subjects usually addcu the symmetric part (answer 
"both hands" to th6 left hand Item) , while urban subjects also guessed 
" Z 

non-symmetric places. 

Signal Detection ♦ . 

In studying the increasing ability with age to utilize a pre-stimulus 
instruction for selective listening, and the effects of various stimulus 
characteristics on this ability , Maccoby and Konra^l (1967) used subjects 
ranging from kindergarten through the sixth grade. We can assume that 
the age range was therefore roughly five through twelve years. Under 
every condition for which data for this entire range is reported (their 
figures 2, 3, and 4) , thfe increase in mean score and the deci^ease in 
intrusive errors are greater between the agea of five and seven than 
between seven and twelve. It =would have been useful for the present 
purposes if there were data for younger children, but the phenomenon 
seemed strong enough to warrant inclusion of a similar task in the 
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present battery. 

By illghtly modifying the procedures ofMaccobyand Konrad (19&7), 
the following task was devised. The child was shown an 8.5 by 11 Inch 
sheet of paper on which there were eight colored drawings: a Jug, drum, 
tree, spear, dog, bicycle, hoe, and small hut. The subject was asked 
to point to each picture and Identify It, which was not difficult. 
Then a small portable Tandberg model 11 tape recorder was brought out, 
and a brief explanation about It was given. The child was told that the 
machine, "like a radio," would talk to him and say the names of the 
pictures, but he could hear It only If he wore a special hat. The re- 
search assistant demonstrated on herself how to wear a pair of earphones, 
and then put them on the subject. A brief recording was played, repeating 
soiae of the Introductory comments. This slow and Informal Introduction 
.to the machine, and likening It to an^^ually wondrous but more familiar 
machine, successfully reduced any apparent fear In all but a few of the 
youngest children. When the experimenter was satisfied that the subject 
was comfortable with the earphones and tape recorder, the stimulus tape 
was presented. 

The tape contained two voices, one male and one female, which ex- 
~>lained to the child that th^y were going to say the names of some of 
the pictures on the paper in front of him and he wa^s to point to the one 
they named. After two simple , examples the subject was told that hence- 
forth both persons (male and female) would say the name of one of tihe 
pictures, but he should llst«n to only one voice. Two examples in which 
the male and female spoke sequentially, were preceded by the instruction 
by one of the voices to "point only to what I say." After the two 
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•tlmulua words were Bpoken. the voice which gave Instructions said. "You 
should have pointed to the (picture named) After these two sequential 
examples, the child was told that "now the two voices will talk together 
at the same time." bat that he should still listen to only one of the 
voices. The prestlfiiulus Instruction and the repetition of the correct 
answer were as In the previous examples, but the two voices spoke simul- 
taneously. After these two simultaneous examples the male voice said, 
"Here are some more." and 'the 16 teat otlmuU were given. The stimuli 
were preceded by the Instruction to listen to one of the voice's, but \ 
^he correct answer was not repeated. The eight picture's were divided 
Into four pairs, each member of the pair being said twice by each voice, 
one of those times as the correct response, and one of those times as 
the "noise". These four combinations of four stimulus pairs yielded a 

total of 16 trials. 

Figure 45 shows the percentage of children at each age who were 
able to complete the task. Failure was usually due to an Inability to 
concentrate and fellow the directions, and was evident on the earliest 
training examples. With one exception, no child under the age of five 
was able to perform at all on the task. 



^maj^xt Figure 45 about here) . 

Figure 46 presents the median number of correct -responses (out of 
16) at each age. The increase In performance with age (£ of F less than 
.01). In both samples seems to occur largely around age seven or eight, 
with another Increase during the teens. (The flcore for the single four- 
year-old suggests that an even larger change may occur before five, if 
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an acceptable procedure could be found.) 

^ (Insert Figure 46 about here) 

The particular pattern of, sounds and the abaence of perfect balance 
in the amplitude of the two voices no doubt contributed to the variation 
in perfonaance on any one of the items. In order to assess how well the 
16 Items as a whole were testing the same set of abilities , that Is, in 
order to measure their dominant covariation, a principal component 
factor analysis was performed on the intercorrelation matrix of the 16 
test items ^ using all subjects. Six factors^ with latent roots gfeater 
than one were extracted, but iome unity was evident.' With an Eigenvalue 
of 3.01, the first factor accounted for 28% of the coimnon variance and 
19% of the total variance of the items; the next largest factor had an 
Eigenvalue of 1,70. Assuming that the principal factor is the signal 
detection ability we are attempting to measure, it was thought that 
analysis of this factor might prove more revealing than the previous 
analysis of total correct responses, which includes variance from the 
other, smaller factors. Following this logic, rotation to a simple 
solution is undesirable, so factor scores were derived on the first 
principal factor by the Data-Tekt program, using a method equivalent to 
the direct solution matrix inversion procedure outlined in Harmon (1960) 
Mean scores on this factor show / significant improvement with age (£ 
of P » .005), but the shape of the curve is not noticeably different 
from Figure 46. 

Delayed Auditory Fjeedback 
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Peedback from normal, ongoing speech la available through at least 
three aystems: proprioceptive and kinesthetic cues from the muscular 
apparatus Involved in speaking; transmission of the produced aounds to 
the ear through the i)ony structures and other tissues; and transmission 
by sound waves In the air. This last normally incurs a delay of about 
.001 seconds (Yates, 1963), and it Is well known that a distortion In 
the delay can cause disruption of speech patterns. This Is most famil- 
iarly experienced In hearing one's own echo when speaking In a large hall. 

Yates (1963) has provided a thorough review of the experimental 
work on the phenomenon of delayed auditory feedback (DAF) . The effects- 
are aeen In a deterioration of speech fluency, prolongation of vowels. 
Increased Intensity of speaking, repetition of consonants, and various 
physiological responses by the subject. The extent of disruption has 
been shown to vary with several characteristics of the subject, the 
verbal materials used, the amount of delay Introduced Into the system 
(.180 seconds Is optimally disruptive), and the Intensity of the feed- 
back (see Yates, 1963). One of the most striking findings Is that by 
"Chase, Sutton, First and Zubln (1961), showing that the average disrup- 
tion In children aged four to six was significantly less than that shown 
by children between seven and nine years of age. 

The delayed auditory feedback task waa given immediately after the 
•Ignal detection procedure, and the subjects were therefore already 
familiar with the tape recorder and earphones. A boom microphone on 
the headset was set at 1.5 inches from the subject's mouth, and the In- 
put and playback volumes turned up to about three-quarter maximum. Tape 
s^eed was 3.75 per second, which, in the delayed feedback condition, 
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produced « delay of -220 seconds. The function of the microphone was 
briefly explained to the subject ("it listens to you")> The tape recorder 
was set to "monitor", producing "simultaneous" (normal) feedback of the 
subject's speech into. the earphonea, and. the subject was asked to perform 
the following tasks: (l) repeat three times the word; idya ("eat"); 
(2) repeat three times ^he phrase Ulipo apo X"Are you there?"); (3) point 
to, and name, each of the eight pictures used in the signal detection 
task; (4) say the sentence; Atata amapita ku mudzi ("The father goes back 
home.") ; (5) say the sentence: AnyamatR ndi atsikana athamangira tn'tenKq 
("The boys and girls run in the bush.") The headset was then taken off 
and the child asked: whether he heard a voice from the earphones; if 
so, whose; where the voice seemed to come from; and whether the voice 
sounded strange. The research assistant then said, "We will do it again, 
but this time a little differently.'^ With the recorder set for delayed 
feedback, the procedures were repeated. 

There were some difficulties in scoring the protocols because of 
intrusions and errors in following the instructions, but the following 
measures were obtained for most sectiiJns^for most subjects: number of 
syllables repeated (as in stuttering); number of prolonged vowel sounds; 
total time to complete the utterance; and a four-point scale of grammat- 
ical errors in the sentence. Only two subjects (a five-year-old rural 
girl and a four-year-old urban boy) were unable to complete the task. 

: The measure of grammatical disturbance and the number of words re- 
peated both had a very narrow distribution, and produced no ufieful anal- 
ysis by age. Repeated syllables were more frequent, especially in the 
urban sample, but were still rare enough to be of uncertain analytic use: 
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virtually all such errors were made by subjects betveen the ages of five 
and nine. 

The differential disruption of speech fluency by age is shown in 
Figure 47, presenting the average increase in time to complete the utterr 
ance (i.e., time under delayed feedback minus time under simultaneous 
feedback). In an attempt to reduce the variance caused by individual 
differences in speaking speed, and by minor errors in following instruc- 
tions by the younger children, the time scores were percentaged (time 
for delayejl minus time for simultaneous divided by time for simultaneous) . 
The results proved similar. The five subtasks did not differ greatly, 
and the total scores shown accurately represent the subtapk trends. The 
age differences in increase in time are most unlikely by chance (£ of F 
less than .01 for each sample), and it is clear .that the younger children 
show very little disturbance of speech. There is 'no iounedlately apparent 
explanation for the observed sample difference in disruption. 



In addition to a slower rate of speaking in general under DAF, the 
older subjects prolonged more syllables andj had longer paua^s between 
words and between syllables. The age difference in number of prolonged 
syllables (Figure 48) is statistically reliable (£ of F less ^han .01 
in each sample) . That the soundless spaces between syllables and words 
also increaae is shown in Figure 49 for the rural sample. The two curves 
are for the increase in amount of time (1) actually producing sound and 
(2) between sounds, for the sentence " Atata Amapita Ku mudzl" (measured 
electronically) . It appears that some younger children actually 
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compreBted their speech, while the older ones increased both pounds and 
spaces. (£ of F for sounds - .01; for spaces. .05.) This example was 
chosen as the clearest, but results for the other sentences, and for the 
urban subjects, were quite similar. 

(Insert Figures 48 and 49 abou t here^ 

It is not until the ^eventh or eighth year that the subjects could 
recognize that they were hearing their own voice, eveh in the simultaneous 
condition. The percentage of subjects who Could identify the j«ource of 
the voice as being the tape recorder increased from zero % of the three- 
and four-year-olds to about 507. at five, and about 60% or greater from 
age seven on. Younger subjects tended to attribute the voice to the 
experimenter, the machine, or some nearby animaf or object. Most subjects 
agreed that the voice sounded strange, but only the teenagers and adults 
distinguished between the two conditions (simultaneous and delayed) . 
Even in these groups, only 30% were able to make some reference to time 
in. their explanation of the difference. 



\ 



CGi50 



Discussion ifnd Conclualon 



The results can.be drawn into thre« general groupa • First, the 
inappropriateness of a fe^ procedures is suggested by the nature of the 
resulting data. Second, one task showed no particular sensitivity to 
change during the fifth to seventh years, although administration was 
not difficult >fvd the results were ordered Ustly, there are several 
phenomena which ocbur repeatedly in the data and which seem similar to 
the changes outli/ed for Westism children. They imply chat the processes 
behind t\fe^ changes^, if not universal, at least exist in, the develop- 
ment of children in two societies with substantial genetic and cultural 
isolation (urban Western and rural Cewa) • These effects, ia conjunction 
with the present urban-rural differences, form a picture of an underlying 
shift and its relation to cultural forces which is stjrongly consistent 
Oith the original • theoretical expectations • 

The first category of tas^s, whose procedures or assumptions were 
'not appropriate to the samples, includes sensitivity to rotation, sensi- 
tivity to contradiction, color-form, maximum squares and organization 
of free recall. The sensitivity to rotation phenomenon seems to be 
largely an effect of cultural factors not present in the Zambian samples, 
especially the rural one. This corroborates the conclusion of §upp«s 
(1966). The sensitivity to contradiction task rested on the trapezoidal 
illusion which was found to be very weak, if extant at all, in the 
present samples. The results therefore cannot speak to the intended 
purpoae. In the case of the color-form taak, teatlng problema may have 
diluted a genuine effect: an approach which promotea greater conalatency 
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migfct r-evea/a Westem-Uke trend. Similarly in the squares tasks, the 
particfiUr iestbqd of presentation was, distracting enough to interfere 
with- stome>o3kial results. Finally, the word list in the recall task ' 
appeared to be too intricate for the intended purpose. ^ 

Digit span, worked well in the sense that a^rnlnistration went \^ 
smoothly and the results are reasonably «eU-ordered/ but the primary 
data show no evidence of significant chahge in" functioning abound the 
sixth year. Two explanations—other than chance- -appear possible- 
First, there was no solid ground for claiming a dramatic change in the 
Western scores. It was tfie change in correlations which appeared most^ 
noteworthy.. Or second, it could be that the forces P^fi^^^S a sudden 
change are largely cultural, and the changes are not unffuely related 
to growth at this age. 

The results most germane to the>B<f^rent thesis are, of course, 
those which show marked change i^performance around the age of six 
years, and four clusters ^s^^hj^ emerge. The first and strongest 
generalization is that children under the age of five or six are extreme- 
ly difficult to test. The rapid increase in ease of getting the sujjjecti 
to complete the testing procedures was most dramatic in sensitivity to 
rotation, free recall, face-hands, and signal detection (Figures 10. 40, 
42, 43, and 45). Not so easily presented by graphs was the pervasive 
and often baffling impression by the author that there was something 
tuboot the entire process of sitting down with an adult and being asked 
questions which have a specific answer which was not appreciated by the 
four- and f ivo-year-olds = This Is also true, of course, in Western 
\:ultures. and those few res#brchers who do work with very young children 
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take a variety of measures to offset the problem. White (1970), working 
from the Western data, has especially focused on the 61der child's 
"sharply enhanced ability to form a system of behavior in accord with 
a proposition offerrd to the child' and then, an ability to maintain the 
proposition an extended period of time. '\ 

. Those results involving a general ability for perceptual analysis 
and integration suggest a second, though possibly related, factor o^ 
change around the age of six years. It is best seen in the rapidly in- 
creasing, ability to draw the diagonal; to mflke the maximum square with 
corners, and to not distort and to integrate successfully the Bender 
Gestalt figures, both freehand and tracing (Figures C2, 23, 34, 14, 15, 
and 20) . It is important to note that these changes are not the result 
of schooling or specific training with pencil and paper. In the urban 
sample, the changes occur substantially before the children enter school 
(with the exception of Bender Gestalt integi^tion freehand) ,- and there 
appeared to be little if any opportunity for working with such materiala 
in the home. The rural sample, of course, provides an even stronger 
case--the children are entirely unschooled, have neveV seen printed 
"materials, and with very few exceptions had never used a writing instru- 
ment before. Lines on paper are simply not an element in their lives, ^ 
jcet around six years they rapidly improve in the ability to work with 
them. Since there is little self-selection by not performing on these 
variables, the phenomenon is clearly in addition to the testability 
factor. It may be, of cpurse, that an ability to maintain attention 
and to analyze visual and auditory information are involved in both 
phenomena; clearly they allow the subject to display at the moment of 
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testing whatever Intellectual abilities he has, and they are likely to 

have contributed in the preceding months or years to the development 

of the .abilities being specifically tested, r 

The delayed auditory feedback, signal detection, an^ face-hands 

tasks foTtn th'e third group: they all tap an ability to differentiate 
/ 

and utilite two similar stimuli impinging with near simultaneity. The 
results of this group are of special interest because of their "primary" 
quality. They, are more "information processing" than "logical thought", 
cognitive more in the sense of Neisser (1967) than Plaget. If there is 
a universal non-linearity to development between t\xe ages of five and 
sever, which stems from changes in physiological organization or func- 
tioning of parts of the brain, then one might expect those tasks which 
most directly tap the neural control of behavior to yield the most 
drainatic and reliable results. 

The delayed feedback task deserves special focus: the shape of 
data makes it one of the /nost successful tasks, and the simplicity of 
the ta^k makes the data especially compelling. There is a distinct 
qualitative (Figure 4^) and quantitative (Figures-.47 and 48) change in 
behavior after age five. Because the subject is asked only to repeat 
a simple sentence, and because the phenomenon is completely involuntary, 
the task is as much a naturalistic observation as a test. This is re- 
flected in the virtual absence of a testability factor in collecting 
the data; there was no question cf the chifdren's not understanding 
the "purpose" and "rules" of the procedures and no reticence in responding. 

A stimulus processing ability is also seen to emerge around ^ge 
five in the face-htfnds task, where it works to the subject's advantage. 
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The present results do not replicate the especially steep slope of in^ 
crease during the sixth and seventh years found by Fink and Bender (1952) 
(perhaps due xp procedural and analytic differences) , but the overall 
timing is quite similar. 

The difficulty of the younger children in responding tq the signal 
detection task was so great that It shows up best in the inability simply 
to complete the task (Figure 45). After that, scores in the task, given 
the ability to finish, increased rather slowly and linearly (Figure 46). 
It seems that social factors or testability put a high "floor" on scores 
in thtn particular method of "signal detection ability". It is unfor- 
tunate that a second signal detection task which behaved more like DAF 
.and which was quite non-linear in an American sample (Super^ in prepara- 
tion) was eliminated from the present batteries for technical reasons. 
Tha': procedure, following Siegenthaler and Barr <1968) , measured the 
decibel Shift necessary to detect a signal with and without white noise. 

The interpretation of D/i? as more sensitive in the present sample 
^ fundamental processing t' on to social or testability_f actors, in 
cont^rast to signal detection, is supported by the results from a third 
Zambian sample, of rural schooled children. These data were collected' 
as part of the current project, .but the number of subjects was so small 
that detailed comparison witn the other samples did not seem worthwhile. 
Within this sample, however, the ages (seven to nine) of the 16 subjects 
were relatively independent of their grade (one to three) , The over- 
whelming majority qf performance scores correlated mote highly with 
grade(than age. For example, total score on signal detection correlated 
.60 wi^h age, and .74 with grade (the latter significant at the .05 level) 
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Only rarely vas the difference in correlations significant, but the^ 
directionality waa overwhelming- In contrast, all the delayed feedback 
variables correlated more highly with age than grade. For example, in- 
crease in time correlated -.75 with age, and -.42 with grade (the former 
significant at the .05 level)* While the problematic nature of these 
datA dictate their location l,n the Discussion section rather than Results, 
their implicationp for our understanding of the five to seven shift are 
profound. If valid, they strongly support our special emphasis on the 
delayed feedback results as the task most sensitive to the maturatlonal 
basis of that shift* (Social factors no doubt also play a role, as 
suggested by the apparent dlvergei^s of results between the urban and 
rural samples.) *^ 

^ The fourth cluster of positive results may best be labeled^cognitive 
maturity.* Three of the tasks related to the work of Plaget and his 
colleagues belong here: minimum squares, left-right discrimination, and 

brothers (Figures 30, 31, 25, 27, 36, and 37). All show dramatic improve- 

> 

ment during the sixth and seventh years, despite difficulties in adaptation 
and presentation. 

The number of pictures recalled show some non-linearity before and 
after age six (Figfure 41) and this result may be Included under the 
heading cognitive maturity. li Lhls effect id repllcable, it is not 
clear why the memory for digits did riot show a similar effect. Two 
explanations seem reasonable. First, that in spite of both being verbal, 
the two tasks involve somewhat different kinds of memory processes (e.g., 
visual vs. numerical), and that these processes are not affected equally 
by the changes at six years. Or second, that the social situation in 



the picture task requires more openness to talk and greater test-taking 
ability than does that in the digit recall task; thus it is more sensitive 
to competence as a subject, which is a major area of growth, as noted 
above* 

Up, to this point in the discussion, little attention has been given 
to the differences between the urban and rural samples- It should be 
clear that most weight has been given to the rural -sample when consider- 
ing the question of universality in that it shares far leas with Western * 
culture and education than does the urban sample, ^Tested at each age, 
relatively few of the apfparent sample differences are statistically reli- 
able. But if, in addition to probability isitimates we pay 'some attention 
to the application of differences at successive age levels and with aim- 
ilai; variables, three phenomena seem worth noting in regard to the effects 
of cultural ambiance and specific training- The examples below_ should' 
be regarded* as illuotrations of reasonable aba.tractions, rather th^ 
provsn cases in every instance* 

The Weaternjia^re of rhe ^aPks is reflected in the generally supe- 
rior performani^a^. of the more Wejcem urban sample. One factor, without 
doubt, is* the. urban children's better understanding of the testing situ- 
ation: in most cases where ease of understanding the task and responding 
in some fashion have *een qur.. lifted, the urban children have less 
difficulty. This is particul&vly true in the youngest age group, four 
years. While one might argue either way that one sample would be sere 
anxious than thft other at being interviewed by a white adult, it Appears 
that something in the urban culture has prepared the children for this 
type of interaction. The present study cannot dif fyerentiate between 
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such posflbilltiefl as diffusion from the schools and the effect of urban 
living conditions on daily social interaction. In any event, the differ- 
encea between samples appears to be less important than the earlier 
commonality that children under six years are hard to test. 

The cosmopolitan, mechanical, geometric, and literate urban culture 
c*" alao be seen to have a number of direct effects on children's per- 
formance on -the taska. Since most often the effects begin before the 
age of entry into school--although they may Increase at this age--we 
must attribute these effects not simply to schooling but also the cars, 
signs, "carpentered world", and less traditional values o{ urban culture. 
These factors seem to have two kinds of effects; to accelerate the 
achievement of certain behaviors, which achievement would be gained 
anyway; and to Increase the acquisition of specific skills to a level 
which is not achieved without the urban supports. 

The "Johnny and Jimmy" effect of simply speeding normal achievement 
(McGraw, 1935) ^ best seen in the ability to count, and to a lesser 
extent, the ability to recall digit sequences (Figures 4, 5, 6, and 3). 
In both cases, the urban sample is ahead of the rural one at the younger 
ages, but the final adult levels are very similar. That urban children 
are given more exposure and training in numbers is^ of course, an assump- 
tion. In any event, this is a more specific Instance of the urban pre- 
coslty found in the general ease of testing. 

The last class of sample effects lacks the "catching up" of the 
rural sample. In almost all of the drawing tasks (e.g., using corners 
in maximum squares. Bender Gestalt distortioA^^score) , Che urban sample's 
superiority increases with age, especially at the age of entry into school. 
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They achieve at a level of performance never equalled by the rural 
subjects. One can assume ^^eae effects are the result of experience 
with drawing and wrltlng,%nd of living In a genially geometric envi- 
ronment. It 1» Interesting to not« that the urban adults, who have 
largely^grown up In the same fchoolless culture as their rural peers, 
are also out-performed by their schooled and urbanized children on the 
Western tasks* 

The distinction between these two effects Is ^t least partly artl- 
ficlal, and the sensitivity to rotation task provides an especially 
instructive example (cf. Jahoda^i^ 1936). Simply iaoked to mark all 
figures like the model, the rural subjects never differentiate on the ' 
basis of rotation. In the urban sample, childr'en begin to differentiate 
around age eight, after some schooling; the percentage increases with 
age (except for the unschooled adults) . Urban life and schooling teach 
most urban subjects that rotation is a dimension relevant to the same- 
ness of printed figures, 'u.-.n specifically it::qaested to discriminate 
rotation, however, the rurnl ajuTts perform nearly as well as the older 
urban subjects under the l^.uI l,^ .^ItioriS . Seme urban seven-year-olds 
will also discriminate. Children under seven are unable to discriminate 
under any of the present conditions. Thus performance depends on an 
interplay of maturing abilities, specific training, and cultural impli- 
cations concerning the expected behavior. There may be no finality of 
the first two factors independent of the third. 

Cultural factors need not always be \xi favor of schooled, urban 
subjects, of course. It can be imagined that rural, minimally schooled 
Appalachian children would perform better on evaluation procedures 
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developed by Cewa paychologlatB than would urban children from Scaradale. 
(For the non-American reader: Appalachla la a rural, poverty-stricken 
area stretching along the Inland Eastern part of thq United States; 
Scarsdale Is a well-to-do suburb of New York City, Inhab^^ed largely 
by professionals and Intellectuals-) In this sample, the rural subjects 
perform more accurately than the urbah ones on the face-hands teat. One 
reasofn to believe the difference Is real Is the special attention that 
was given to the task by subjects. An elderly adult referred to It as 
the "witch-doctor one," explaining that touching d;Lfferent parts of the 
body was part of a traditional routine for diagnosis of illness. If 
the task was seen by the subjects as related to some traditional activ- 
ities and values, one might expect the more traditional rural subjects 
to perform better. Regardless of the fccfs in this particular case, one 
cannot Ignore the Importance of understanding how particular tasks fit 
into the values, beliefs, and skills of a particular culture. Cole 
and his associates (Cole, :/0; Gay & Cole, 1967) have pursued this 
issue with brilliant success. They have, in essence, asked "how must 
situations differ for peoplu different cultures to perform in 
similar ways, and what does this tell us of the role of culture in the 
Intellectual workings of the mind?" 

Sample differences in the present study are not of direct importance 
for the hypothesis (although they may warn ua where not to generalize) : 
it is the similarities we seek. Yet the thesis is one of a major differ- 
ence--between himans above and below the age of six or seven years. 
There may be a "cultural difference" here: as pointed out earlier, the 
children do not share the implicit rules and knowledge necessary to 
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produce the prescribed behavior in Xhe testing situation. But the dra- 
matic increase in testability in the absence of cultural preparations 
for the situation and the apparently prior changes reflected In the 
delayed feedback task support the contention that the change at six is 
not simply a learning of the rulea for testing. 

No formal analysis was perfo^rmed to isolate sex differences because 
of prohibitively small n's (see Table 1). Visual Inspection of differ- 
ences '^n the major variables revealed nothing of Interest • 

Before turning to a final consideration of the **f Ive-to-eeven shift" 

hypothesis in light of these d6ta, let us note the theoretical context • 

Into which the hypothesis fits (White, 1966b). A major eleme^nt of this 

context is an evolutionary perspective which notes that the structures 

for higher order functioning have been added over time to more^ primitive 

structures in man's brain. The human brain at birth resembles in some 

- S 

ways the phylogenetically earlier state, in that higher controls and 
organization of the *»newcr'* strn-tures are not yet fully developed. 
There is ample neurological anJ rliyjini-ogical demonstration of continued 
brain growth up to the adolescent years, and an important part of matura- 
tion Is the increasing role played by the higher centers of the brain. 

As the higher levels of control l?ecome more dominant, the lowlier 
level of organization does not dissolve. Adult functioning reflects 
both the more basic and primitive aspects, and the more complex cortical 
controls superimposed on them. Thus in psychological pathology, or \ 

neural damage or disruption, when the higher controls are inhibited, the 

i 

effects of the lower ones can readily be seen (White, 1965; Werner, 1961). 

Razran (1964), drawing on the work of seveii'^.l researctiers , has demonstrated 

C 0 i 0 1 



-80- 



thl. point for the different types of semantic conditioning In young 
children, the feebleminded, and those under the effect of drugs or 
fatigue. He concludes that '"the lo«er level (of our learning potenti- 
alities) Is not non-exlstant. but held In abeyance arid reasserts itself 
in periods of lower organlsmlc functioning (p. 215)." 

It remains to justify the present data as supporting a phenomenon , 
called the "five-to-seven shift". The attentive reader will have noted 
^ that in order to .include every instance which has been pointed out as 
relevant, the phenomenon should rather be called the -four-to-ten shift." 
At different tines the focus was on the beginnings of gr^^ on its 
completion, or on an apparent non-linearity in its continuing curve. 
But the view here claims to be more th^n ju3t a summary of development 
in the latter part of the first decade «f life. It claims that at some 
• point around the age of five or six there is a fundamental change in 
the organization of functio-iing in the brain. The change is of course 
the effect of continuous growth, but disccntinuities in function may 
occur because of differenL'xl rates of giov-lh in different processes, 
or because of the emergence of a new process. In either event, there 
is a change in the organization of control that is so fundamental in 
its effects as to. appear qualitative. 

It is not necessary to the hypothesis-an-l in fact it appeals not 
to be true-that all associated changes i.i behavior begin and end within 
a span of two years, centered on age^ six. It would appear rather that 
a new system or principle becomes introduced, perhaps suddenly, and that 
the effects of this higher order organization continue to pervade the 
organism', system' for representation of the world and control of 
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behavior. There may be an analogy In thfe learning of mathematics: at 
a rather low level, a student may understand Simple «rlthmetlc--addltlon, 
multiplication, division, and so on. He functions quite well with this 
syst'em. Within a relatively brief span of time, he Is taught algebra-- 
a new orgadizatlOn for his knowledge which both Indicates new relation- 
ships between the "^present elements, atid also makes way for entirely new 
content. Under stress or confusion the student may function at a lower 
level (Skemp, 1962): he may fit specific numb^fs^ In the equation to 
^test Its validity, or he may count on his' fingers. There Is a sudden 

change. It Is superimposed on the old structure. Its effects pervade over 
« 

time the entire system', and It provokes new and still more complex 
Qo^tent. 

These principles, when applied to the present data, suggest that 
the delayed auditory feedback, face-hands, and ilgnal detection tasks 
tapped a rather fundamental aspect of stimulus procesalng and behavioral 
control by the higher nervous system. This change, we might Infer from 
the present samples and the Western data, occurs In all children. It 
Is manifest In some specific skills, changes In cognitive functioning, 
and an increased ability to cooperate and perform in the kind of testing 
situation favored by Western psychologists. 

Cultural pressures and training are effective in teach^ing each 
child who is able specific skills, be they signal detection, drawing, 
atory-telllng, understanding social relations, or whatever. Without 
specific training, som# children may still acquire tTiese skllla given 
enough time for incidental and random leatnif^g. That is to say, at a 
given age, a given percentage of children will be able to perform % 
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certain task, another percentage can easily learn to do so, another 
percentage can learn with difficulty; and another percentage simply is^ 
unable to emit the requested behavior. The more importance assigned to 
a skill by a culture, and the more learning of that skill it promotes, 
the less ready a child has to be to acquire the behavior. Thus in a 
drawing-oriented culture, children under tive may draw well relative to 
children from other cultures- But if all young children cannot draw to 
a certain criterion and most older children can, the percentage who can 
will increase rapidly as maturation reaches a. crucial point at around 
five or years. ^ 

The suddenness of the shift may, of course^ look different wh^n 
individual curves are drawn (Estes, 1956). The forms of the present 
aggregate curves no douji£ result in part from the distribution of ages 
at which the hypothesized shift occurs. Only longitudinal studies with 
a more satisfactory n can approach this question with any finality. 
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Note 

1. The location of the Teen and Adult groups on the abscissa of 
tRe graphs has been arbitrarily set at what corresponds, spatially » to 
eleven and thirteen years. It Is Important to remember In reading the 
graphs that were they properly located (which location would, In fact, 
vary with the particular subjects represented) the slope of the curves 
would be noticeably less steep after age nine. For visual clarity In 
the figures, the abscissa and connecting lines have not been^ Interrupted, 
which would have visually reinforced the discontinuity • 

- Because of the small and unequal ns, the quanta by whlct) the per- 
centaged curves can vary Is'dlfferent for the several groups and samples. 
To aid the reader In studying details Of the graph, the n of each age 
group Is reported with the figure caption. Points i;epresentlng a single 
subject have been put In brackets.' 

The lines connecting points have occasionally beisn omitted for the 
sake of visual clarity. 
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Urban- Subjects: Age snd ilumber 
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Rural Subjects: Age and Numb^ 
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Figure Captions 

Figure 1 Percent of children with adult mandibular Incisors, by 
and, sample. N urban at each age: 16, 18, 18, 23, 24, 27, 4if , !&• 
Rural: 6, 12, 10, 11, 8, 8, 15, 20. . y 

Figure 2 Percent 9f children able to reach opposite ear, by age and 
sample. N^ilrban and rural: a^ In Figure 1. H * 

■f 

Figure 3 rHedlan numbe* of digits recalled, by age and iBmple. N urban: 
^16, 18, 19, 23, 16, 22. 41, 16. Rurall 6, 12, 10, 11^7 8, 15, 20. 

Figure 4 Percentage of children who can dount to five or nfts^e, by age 
and sample. N urban and rutal: as In Figure 3. 

Figure 5 Percentage of children who can count to 10 or more, by age and 

e^r 



samp 



le. N urtan and rural: as In Flgare 



Figure 6 Percentage of children who dan count to 20 or more, by^ age and 

sample. N urban and rural: as In Figure 3. 

^^^^^^ ' ? 

Figure 7 Percentage oT urban subjects respondltig color-dominant, form- 
dominant, mixed, and unscorable, b^ age. N: 8 , 10 , 10 , 12 , 6 , 18 , 20 , 8 . 

Figure 8 Percentage of rura^^'^bjects responding color-dominant, form- 
donflnant, mixed, and unscorable, by age. N: 3, 6, 4, 4, 4, 4, 7, 10. 

» 

Flgur^ 9 Percentage of consistent responders who responded form-dominant y 
by age dnd •ample. N urban: 1, 4, 4, 7, ^, 16, 18,»e. Rural: 
1, 3, 2, 1, 4, 3, 5, 9. # - 
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Figure 10 Percent of subjects completing the rotation task, by age and 

tpl|. . N urban: 7, 9,.9, 11; 6, 9, 16, 8.. Rural: 3, 6, 4, 4, 4, 4, 7, 10, 



sam 



Figure 11 Percentage of urban subjects discriminating rotated figures, 
by age and trial. N: 6, 9, 9. 11, 6, 9, 16, 8.\ x^* * • 

Figure 12 Percentage of rural subjects discriminating rotated figures, ' 
by age and trial. N: 1, 4, 4, 3; 4, 4, 7, 10. 

Figure 13 Median number of -unrotated (correct) figures, by dge and 
sample. N urban and rural: as in Figures 11 and 12. , 

Figure 14 Mean sura of Bender |>eatalt distortion scores, by age and saraple. 
N urban: 7, 9, 9, 11, 6, 12-, IG , 7. Rural: 3; 6, 4, 4, 4, 4, 7, 10. 

Figure t5 Mean sura of Bender Gestalt integration scores, by age and saraple. 
N urban: 7, 8, 9, 11, 6, 12, 16, 7. Rural: 3, 5, 4, 3, 4,- 4, 7, 10. 

Figure 16 Mean sum of Bender Gestalt rotation scores, by age and sample. 
■Nurb^n: 4, 5, 9, 11, 6, 12, 18, n. Rural:. 0, 1, 3, 3, 4, 3, 7, 10. , 

Figure 17 Mean sum of Bender Gestalt perseveration scores , by age and sample. 
N ur^an: ?, 8, 9, 11. 6. 12, 18, 7. Rural: 2, 4. 4, 4, -4, 4, 7, 10. 

Figure 18 Mean Bender Gestalt integration scores, urban subjects, by 
age and design. N: , as in Figure 15. 

•* 

Figure 19 Mean Bender Gestalt integrat;ion scores ,^ rural subjects, by 
age and design. N: as in Pigure 15. , 
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Figure C»ptirOn8. cont'd -3- 

; 

Figure 20 Percentage of subjects who traced Bender Gestalt design A aa 
a Gestalt, or as unscorable, by age and sample. N urban: 7, 9, 10, 12, 
6^12, 18, 8. Rural: 3, 6. h, 4, ^. 7, 10. 

Figure 21 Mean quality rating for tracing Bender Gestalt design A, by 
age and sample. urban and rural: as In Figure 20. 

Figure 22 Percentage of urban subjects drawing diagonal correctly, with 
an error on the end, and complete failure, by age. N: 5, 7, 8, 6, 6, 
8, 12, 9. ' ' * 

Figure 23 ^rcentage of rural subjects drawing diagonal correctly, with an 
the end, and complete failure, by age. N: '3, 6, 4, 4, 3, 4, 7, 9 



error on 



Figure 24 Percentage of subjects drawing diagonal with correct orientation, 
by age and sample. N urban: 0, 2, 7, 6, 6, 8, 12, 9. Rural: 2. 0, 1, ^3. 
2, 4, 7, 9. V ' 

Figure 25 ' Percentage of subjects responding to doll facing them consistent 
.with answer for self, by age and sample. N urban: 6, 10. 9, 11, 7, 8, 18, 
8. Rural: 3, 6, 4, 4, 4,-4, 7, 10. 

Figure 26 Percentage of subjects responding to doll with back to them 
comjlstent with answer for self, by age ^nd sample., N urban: 6, 10, 9, 
11,' 7, 9, 18, 3. Rural: as In Figure 25, 

Figure' 27 Percentage of subjects giving objective rationale - for answers to 
left-rl^ht questions, by age and «^ple. N urban: 6, 9, 9^ 11, 7, 9, 18, 
8. Rur^il: as In Figure 25. , 



Figure Captions, cont'd -4- 
> 

Figure 28 Median area of'large square, with and without model present, 
urban subjects, by age. N with: 12, 17, 18, 23, 16, 26, 38, 16. 
Without: 12, 15, 18, 18, 14, 15, 2.., 9. 

Figure 29 Median area of large square, with and without model present, 
rural subjects, by age. N with: 5, 11, 10, 11, 7, 8, 15, 20. Without: 
4,. 11, m, 11, 7, 8, 15, 19. 

Figure 30 Median area of small square, with and without model present, 
urban subjects, by ^ge. N with and without, as in Figure 2C. 

Figure 31 Median area small square, with and without model present, 
jural subjects, by age. N with and without, as In Figure 29. 

Figure 32 Percentage of urban subjects who drew squares concentric, by 

r 

trial. mid age. N: as in Figure 28. 

Figure 33 Percentage of rural subjects who drew squares concentric, by 
trial and age. If: as in ^Figure 2?. ^ 

Figure 34 Percentage of subjects who drew large **square" with corners, 
by trial, age, and sample. N: as in Figures 28 and 29. 

Figure 35 Mean quality rating of squares, by age and sample. N: as 
in Figures 28 and 29. ^ 

Figure 36 Pfercentag^ of urban subjects giving mature, egocentric, and 
other answers to the Brothers task, by age. N: 7, 9, 9, 12, 6, 9, 19, 5. 

Figure 37 Percentage of rurgl subjects giving mature, egocentric, and oth 
answcr-s to the Brothers task, by age. N: 3 , 6 , 4 , 4 , 4 , 4 , 6 , 10 . 



Figure Captiong. cont'd -5- 

Figure 30 Percentage of subjects passing trapezoidal check Item, by age 
eyad sample. IJ urban: 8, 8, 9, IL, 7. 10, 21, 7. Rural: 3, 6, 6, 7, 
4. 4. 3, W. 

♦ ' ' ' 

Figure 39 Percentage of subjects choosing the top trapezoid on trial 1, 
by age and sample. N urban and rural: as In Figure 30. 

Figure 40 Percentage of subjects proceeding without difficulty through 
rtie recall task, by age and sample. N urban: 5, 8, 9, '9, 5, 7, 12, 7. 
Rural: 3, 6, 4, 4, 4, 4, 7, 10. 

Figure 41 Median number of words recalled on ttlal 1, by agy and sample. 
N urban and rural: as In Fl^re 40. 

Figure 42 Percentage of urban subjects following the Face-Hands Instructions 
easily, needing extra pretralnlng, and unable to continue, by ^ge. N: ,16, 
18. 19, 23, 15, 27, 42, 16. 

Tlgure 43 Percentage of rural subjects following the Face-Hands Instructions 
easily, needing extra pretralnlK^^^^^d unable to continue, by age. N: 6,* 
12, 10, 11, 8, 0. 15, 20. . 

Figure 44 Percentage of subjects respondlngVcorrectly to both contralateral 
Items, by age and sample. N urban: 16, 18, 19, 23, 15, 27, 42, 16. 
Rural: 6, 12, 10, 11, 8,.C, 15, 20. 

Figure 45 Percentage of subjects completing the signal detection task, by 
age and sample. N urban: 8, 7, 9, 11, 7, 9, 15, 7. Rural: 3, 6, 6, /, 
4', 4, G, 10. ' . 

. r 



Figure Captions, cont'd ^- 

Fleure 46 MedTan number of signal detection Items correct, by -age and 
sample. N urban; 1. 5, 6. 11,^5, 8, 15, 7. Rural: 0, 3, 4, 5, 3, 4, 3, 

Figure 47 Median Increase In time for speaking under DAF, In seconds, 

by age and sample. N urban: 7, 7, 8, 11, 6, 9, 18, 7. /Rural: 3, 5, 6, 

% " ^ 
7, 4, 4, 0, 10. 

>r ■ 

Figure 48 Median increase in number of prolongations while speaking under 
DAF, by age and sample. N urban and rural: as in Figure 47. 

Ficure 49' Median increase in time during sounds and between sounds, under 

^ 

.DAF, rural subjects by Mge- N: as in Figure 47. ' 
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Pijoire ts Percentcvcc of children v:ho can count to five or more, oy age 
and r.ample. N urban and rural: as in Firn^re 3- , 

C 0 i 3 6 



100 



75 



cu. ■ 
H 50 

(U 

C/D 

o 

Oh 

25 



A 



o Color 
o Form ' 

A Mixed 
□ Unscorable 




YSlf'^^l-JL J'ci^^-ent/of urban fnibjoctf: rofipondinc color-dominant, forrn- 
^) p * by ar;c, 

ERIC do-ninnni, rri^:l, and unncorablo , / fl: 8, 10^ 10, 12, 6, 18, 20, 8. 



100 r- 



u 



75 



H 50 

(U 

CO 

o 

CLi 

(U. 

Pi 25 



A A 



o Color 

© Form 

^' Mixed 

S ° Unscofable 
/ \ 

* / \ 
' \ ■ 
. ' \ 



/ 



/ 

/ 

/ 

/ . 



/ \ 
/ \ 

\ 

\ 



• / 

/ ; 



/ 



/ 

/ 



VV>\ / 



I 



Ik. 



A » 

P. 



4 5 6. 7 8 '9 



T 



A 



V . 



Aee 



forrn-doMinrmt , miycd , and urvncorablc , Is/tg. 11: 3, 6,-4, 4i 4, 4i 7i 10. 



ERIC 



\ 



A. o 




ERIC 



yij'u_TQ^ PcrcciitacG of conr-i.'-t/'.nt rnr-.r.ond n.rr. v/ho rcr.ponclod form- 
dominant, by nf:c ond f!r":iplo. N'urhrji: 1, 4| ^, 7i 6, 16, 18, 8; rural; 

1, 3. ?. 1, -1, 5, 9. • r ■ ' 

Cl»y^ 0 1 • 



J 



100 



75 



to 

§ 50 



Oh 

a 

c 
O 



25 



\ 




■o Urban 
Rural- 



5 



J 1- 



8 



9 



A 



ge 



1* 



A 



ERIC 



Pifjijrc 10 Pcrcr-nl. of cubjrctr; corr.pir tifif: iho rotation tank,' by afjc and 
mplc. N u'rban: . 7, 9, 9, 11 1 6, 9,- l^i 8; rural: 3, 6, 4, 4, 4, 4, 7 
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Fin^ire^JJ Mciipii nunbor of un^oiatod (correct) firrurop, by a^gD and 
oamplc. N urban and rural.: in Fjfnron 11 and 1?. ^ 
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Fifcure l/i Mean cum of Bender Gcstalt/scorcs , by age and sample. TJ urltan 
: s. ■ 7, 9i 9, 11, -6," 12, .18,;?; • rural: 3, 6, 4, /I, 4, 4, '7, 10. 
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Figiirc 16 T'eaJi r.un of Bender Gontalt rotation scores, by afje ajid npinple, 
ErJc II ^» 5, 9, 11, 6, 1?, 18, 8;^w^J^:gO, 1, 3, 3, 4, 3, 7, 10. 
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Firurc 17 Kean Sun of Bender Gcstnlt perseveration scores, by age and sample. 
N urbaji: 7, 8, 9, 11, 6, 12, 18, 7; rural:. 2, A, A, 4, 4, 4, 7, 10. 
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Pifiiro ?0 Percr!nt?f;c of rulrjoctr. v;ho traced Bender Ocntalt clcr,i/7i A 
as a Cestalt, or as unscorablc, by age find cample. N urban: 7f 9» lOi 
12, 6, 12, 18, 8; rural: 3, 6,-4, 4, 4, 4, 7, 10. 
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Fi^re_2j. Kean quality rating for tracing Bender Gcstalt decign A, 
by ago and sample. N • urban a.nd rural: ac in Figure 20. 
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Pirurc ?T Porrc'it ■-/•:;.• of sijljj^-nir roripondinr to doll fncinf; thorn 

concintnnt vrtth ant;v;Gf for cclf, by afjc and nample. W'urbcin: 6, 10,^^ 
11, 7, 8, 18^ 8; rural: 3, 6, /J, 4, 4, 4, 7, 10. ^ . 
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Vipn^o PC^ Pcrccntoco of r.ubjoct^rj rrjr.pondinf-; to doll with back to them 
consii:tnnt vrith annwor for r,olf, by a/jo md Bamplo. N urban: -6/ 10, 9t 
11 1 7i 9t 8' rliral: as: . in firruro ?5. » 
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Pi^^ure 28 V.edl^ area of larf.o square, with and v;ithout model present, 
urban subjects, by.age. JI:vnth: 12, 17, 18, 23, 16, 26, 38, 16; without 

12,15, .18, 18, 14, 15, 28, 9. . ■ . 
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Figure 29 Median area of lar^rc sj[uare, v/iih and vi*thont model present 
rural cubjcnts, by arc. N v/ith: 5. 11, 10, 1>, 7, 8, 15, ?0; without: 
4,. 1-1, 10, 11,-7, 8, 15, 19- •> . 
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Figu re 3 0 I^Tcdian area of small srfuaro, vdth and without model prcstnt 
ui^fean Subjects, Toy ago. N with'and v;ith6ut| a|^ '||i;^^j^rG"28. 
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„ CO 223 



I 



100 



P 75 



© Large & Model (ist) 

A Small^& Model (ist) 
G Lai^ge & Small (2nd) 




Age 



ERIC 



jj^fnore^??? Percentage of urban subjects v/ho dr.ow squarcD^concentric , 
tytvial and ago; N : ac in fifTurc 28. 
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THE CORRELATION BET\^^EES SOME MEASURES OF NEUROLOGICAL 
AND. COGNITIVE' DEVELOP.^ENT IN THE YOUNG CHILD 

Developmental psychologists have had £.n enduring Interest In the^ 
activity of the nervous system. Freud (1895) started his Project for a 
Scientific Psychology In hopes of describing the neurological mechanisms 
responsible for thought and action. Werner's (1948) organismlc approach 
has as one of Its aims the discovery of how different aspects of an 
Individual's psychophysiological functioning' Interrelate, Plaget (1952) 
considers the maturation, of the nervous, system as one important aspect of 
the development of Intelligence, Iflille the force of argument tips the 
scales In support of the Importance of establishing relationships between 
neurological and cognitive development, the weight of evidence barely 
budges them. 

In some cases the evidence exists but waits for someone .to Integrate 
1 t • White (1965) has catalogued and described numerous changes which 
occur in the child during the 5-7 age range. These changes occur along 
diverse developmental linesr. White argues than an understanding of how 
these changes interrelate may require a neuropsychological explanation. 
The. amount and iate of change taking jplace in the child and the proposed 
neec^ for a neuropsychological approach makes this age range optimal for 
a stiJdy of neurological and cognitive relationships. 

This qualifying paper describes a series of studies with six year 
old boys undertaken to explore these relationships. The selection of 
ncuroloAicnl and cognitive measures v/ill be discussed, followed by a 
report ofi each^ of the studies. 
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A brief search through the pediatric neurology llMr^ature reveals 
a paucity of data concerning the norinal ^development and xnaturation of 
the nervous systeiu. There are at least two reasons for this: the first 
is one of prioLi,ties. Pediatric n'eurology is a medical speciality, and 
as such places emphasis on diagnosing^and treating abnormal conditions. 
The second is a state of the art problfci. Pediatrics is a relatively 
young area of medical specialization. It has yet to develop a' sophisticated 
methodology for the study , of central nervous functions. The electroenceph- 
alograph provides a direct meqns of monitoring aervous system activity 
but little is knot/n about Kow to interpret this electrical activity from 
a normal developmental standpoint . Techniques exist for the determination 
of the structure of the nervous system (e.g. dissection, histology) but these 
methods require destructive experimentation not applicable to intact human 
beings. 

The resulting situation is one that 'finds the pediatric neurologist 
making many inferences about the intactness of segments of the nervous 
system from h,efhavioral data, InJcerTain cases this method is straight 
forward. For instance, a determination of the portion of the visual field 
In which a patient cannot perceit^e a stimulus allov/s fairly precise ^ 
localization of Lnpaimient. However, the degree of neurological maturity 
of a sensory, system or a particular portion of the brain cannot be 
unequivocally asscscd by this method. Until more is kno\^m about the 
relationship between structure and function in the central nervous system 
one must rely on behavioral data and age noms^^^^^asscssing neuraloglcal 
dtvclopracn't . One cannot yet determine .on the basis of behavioral data, 
what part of, or the degree to whlcli, the nervous system has developed but 
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only how this data compares with that of other subjects. 

There exists therefore the necessity of using indirect behavioral 
measures to assess neurological! variables, ^^For the studies to be reported 
such tests were selected that required no complicated apparatus, end 
could be administered in a relatively short period of time, Other^ 
criteria for selection were the existence of data on inter-rater 
reliability and a developmental progression in performance level. Several 
tests of associated movemeht met these' criteria. 

Associated or synkin^tlc movenents are mpvements accom.panying a 
motor or in-terfded motor function but not necessarily needed for its 
performance. They are usually contralateral and symmetrical to that 
limb which Is voluntarily active. For example, the closing of the 
left fiand while trying to make a fist with th§ right • These movements 
are of value in clinical ^diagnosis (especially in c^ses of minimal 
cerebral dysfunction) and in assessing neurological maturity (Connolly 

■t 

& Stratton, 1968) , . , . 

Fog and Fog (1963) have Osed^ these tnovemcnts to study cerebral 
inhibition. They argue that the development of this inhibition is necessary 
for the acquisition of detailed, discriminative motor activity. The 
results of their study show a steady decrease In the incidence of asso- 
c iatcd moveracnts with age.. They attribute this to the fact that excita- 
tory mechanisms develop earlier than inhibitory ones. They used two tests: 
one bilate.r<nl (associating movement from feot to hands) and one crossed 
(associating movements from one hand to the other) . V/lth a sample of 
265 norrnn] and J^^A mentally rctorcJcd children they found that tiiose 
movements bcCianc Inhibited In the course of "childhood. This effect 
wos greater in the normal than in the rctordcd group'. Within the re-tarded 
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group those suspected of having organic brain damage were. most different 
from the normal group. . ' 

Zazzo (1960) and his collaborators have studied several ,of these 
associated movenients and devised a test bashed on finger lifting. Using 
Zazzo'^s *fknger lifting test and-the Fogs' clip pinching test^ ABercrombie 
et ijl (1964) investigated the responses of 23 normal children (mean age 
9 years, 1 month) and 50 physically handicapped children, including 
26 with cerebral palsy. Generally the cerebral' palsied children were 
found to be outside the normal range, Howeve^r, the discontinuous 

V 

sample of normal children made it difficult to establish a valid normal 
H^angc, 

Connolly & Stratton (1968) developed^ another test of associated 
movement based on finger spreading. They administered this test^'a 
modified version of Zazzo 's finger lifting test, the fogs' clip pinching 
test, and the feet to hands test to 658 normal children. The children 
ranged in age from 4 years 9 months to 15 years 8 months. The- incidence 
of associated movements decreased with age. They also found the tests 
differed with respect to the age range of maximal sensitivity (sensitivity 
was defined as the agc^ran^^ within, which more than 20% tut less than 80% 
of the children in a particular age group showed no associated movements): 
clip pinching 5-13 years, fccf to hands, 8--13 years, finger spreadiTig, 10 
years to beyond the age range tested, finger lifting from 5 years onwards. 
The correlations, between the tests were all positive and largely significant, 

To assess the reliability of the cxniaincr's judgment regarding the 
presence or ob.'icncc of associated rnovcMcntr, tlilrty raters were trained as 
scorers. Tliey were shown mc^/ies of 5 children being tested and scored. 
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Their ratings were compared to the exaniner 's • The raters and the examiner 
agreed an average of 86. ^/J of the time. 

The studies being reported in this paper used the same tests as 
did Connolly & Stratton, A detailed description of the tests and scoring 
criteria will be discussed later. 

Another test of ass'ociated movement was adapted from the Ozeretsky 
test of motoXperfonaancc (Sloan, 1955). This test requires the subject 
to touch each flinger of* one hand to- the thumb of the same hand in order, 
startld^ng w;U« the index finger and again starting with the little finger. 

One more test was used to assess the neurological variable in this 
series of studies. A shortened version of the Bender Visual-Motor 
Gestalt Test (1938) was included'. The Bender requires the subject to 
Copy sample designs. Failure to copy a design correctly may be due to a 
deficit in either visual processing or motor perfonnange. The Bender test 
has been used as a test of |Visual-motor performance to diagnose brain injury 
and emotional disturbances ,Vand as a predictor of school achievement. 
Koppitz (196A) has integrated reseai;ch using the Be*ndcr with children ages 
5-7 and has developed an objective scoring system for the test. 

In order to reduce, tep ting time a shortened form of the test was 
used.' Super (1?70) provided the rationale for using three designs in 
place of the oclglnal 10. The three figures used are examples of designs 
cmployinij dots, closed figures and lines. Bender (1938) argued these were 
essential co.nponcnts of the test. In addition these three designs provide 
the best coverage of the five scoring categories proposed by Koppitz (1964) . 
The tcGt will be dciicribod In more dctal) later.' 

As with neurol o^^icol development there cxlfit*; no direct. v;ay of 
assessing cognitive develop?aent . Here too one must rely on so.ne behavioral 



^nd.ex of performance and infer what is going on inside the child's head. 
• Th.a most complete find systematic developmental theory of cognitive struc- 
tures is '^^it: proposed by Piaget (e,g, 1952, 3:933, 1964). 

' Piaget viewers cognitive development a&a^F^e^s o^biplogical adaptation. 
This process represea;^s a developmental change in the way a suVject perceives 
and transforms experience. His experiments with^ children have persuaded 
him to view this development within a stage theory model. Accordingly, 
a child. at a particular stage of reasoning approaches problems and arrives 
at their solutions in- a consistent manner that can be described by a set 
of rules. Each stage" has its own coherent set of rules . Tanner (1953) 
has argued that Piaget 'a descriptions of these s^^s resemble descriptions 
of developmental, progressions in biochemical arid physio^logical systems. 
Piaget describes the 5-7 year old child 's .cognitive behavior as 
' relying progressively less ony^uch specific attributes of a stimulus^ , 
"Object as form and shape an/ more on such abstract concepts as quantity, 
weight and volume. The child becomes able, for instance, to conserve the 
concept of quantity even when a stimulus object changes its shape. 

Another type of cognitive task developed by. Piaget reqiiires the 
child to use the concepts "some" and "all" appropriately when responding 
to questions about geometrical figures. He has found that the child also . 
masters this task during the 5-7 period, ^ 

Piaget proposes that the mechanism which ac-counts for a child's ability 
to solve such problems' is "dccentering," e.g; when faced wit"h a transformation 
in tv;o dimensions the child takes into consideration not only the most 
salient perceptual dimension of change ^but also the other dimension . 
He makes a similar argument for the "''some" and "all" task. In this case 
the child who docs not answer the questions ^rrectly is "centering" on 



one of the stimulus elements to the relative exclusion of the. others. 

In the present study two conservation tasks and the "some" and "all" 
task wer5 used to assess the cognitive variable, A detailed descrip.tion - 
of the tasks and thier scoring follows. 

> 

Steady I: Weston, Massactjusetts 

) 

Problem: 

This study was conducted to determine the correlation between the 
previously mentioned .measures of cognitive and neurological development. 

^ . ■ ■ ^. • . ,.. . 

Method': - ' ^ 

Subjects: Thirty Caucasian boys in the first grade of ^ public 
elementary school were^^elec ted as subjects on Aie basis of age, All 
the boys whp were between ,6.0 and *7.0 years of age were eligible. The 

experlinenter exhausted 4 of the classes with eligible boys an'S took 4 

I. 

subjects from the remaining class, The^,mcan age;^ of the sample was 6,54 

' ' ' ' -^1 
years with a standard deviation of 0*27 years and a range of 6,1 to 7,0 

years. Parents' occupation was used- as an estimate of SES level. Twenty 

two of the thirty subjects could be classified according to Duncan's (1961) 

occupational scale. This ^ale runs from 0 (lowest level) to 100 (jjlfighest 

level) based only, on parents* occupation. The mean SES for the 22 was 

79.59 with a standard deviation of 14.7 and a range of 37-96, 

An IQ estimate was obtained foir each child on the basis of an 

Individually administered Pcabody Picture Vocabulary Test. The mcpn IQ 

for thg sample of 30 ^;as 119.17 with a standard deviation of 15,98 and a 

range of 96-152. ' :^ • 
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Procedure. - ' . ' ^ 

E was introduced to eacli S by the teacher. Outside the classroom 
E told S that be 'Vas interested in how boys his age learned to do some 
things with their hands aad how they played some special games S was 
then asked if he would like to come play some ganes with E. All S's wanted 
to participate, 

S was seated in a chair near a desfe in a quiet room. After, a 
brief conversation (how many children are In your family? what is the 
part of school you like best? etc.) the experimental session began ♦ The 
o rder of presentation of tasks was invariant. On each task S was allowed 
as much time 'as Jie wished . 

The following tests were administered. Total testing ^ime ranged 
from 25-40 minutes. , , 



Neurological Test^ 

/ : 

1. Bender^estalt (Bender, 1938) cards A, 2 and 5. S was given a 
sheet of plain S^-i x 11 inch paper and a pencil. E said, "I want you to 
copy this picture. M^ke yours look as^^much like this as you can. Take 
•as much time as you^vish.'* This procedure x^as repeated for each card. 
S's reproduction was. scored according to Koppitz's (1964) system. S's 
preferred hand was noted . 

. 2'. Clip Pinching (Connolly and Stratton 1968). S was told to put 
his hands on thje tatble and^ make 'a fist as E was doing and then spread his 
thumbs sq/they pointed- toward each other. E then placed a 2 spring (bulldog) 
papcr'^cliR in batwecn the thumb and fist of S's preferred hand and asked S 
to 'see how far he could open* the clip. This v/as repeated for t^ie nonpre- 
ferred hand, S^was, ^given a score of 1 (associated movement) if the thumb 
of the contralateral' hand touched the fist. 

3. Finder Spreading (Connlly and Stratton 1963). s E demonstrated to 
S the spreading of the third (middle) from the fourth (ring) ^finger of 
each hand in turn, S was asked, "Hold both hands out with your fingers 
together* xiiid then try to spread these fini^crs as I do while keeping the 
rest togcther^'^ If S succecylcd in spreading the finger indicated without 
fingers on the contralateral hand spreading a score of_ 0 (pas^) was given. 
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A score of 1 (fail) was given for each of the following conditions: 
inability to spread only the assigned fingers, associated movements of 
contralateral hand. Each child could get a score from 0-2 for each hand.' ^ 

4. Finger Lif ting ' (after Connolly and Stratton 1968 and Zazzo I960), 
S was told ''Place both hands flat on the taiij^ and try to lift just the 
fingers point to v;ithout lifting the others." Following a demonstration 
the te^t was carried out on the third finger of the preferred hand, third 
finger of the other hand, fourth finger of preferred hand and fourth finger 
o^ the other hand in that ojrder. The child wac given one point for each 
of the following conditions on each trial: a) inability to lift the 
a ppropriate fingers without lifting any other fingers on the same hand; 
b) lifting any fingers on the^ other hand while trying to lift the appro- 
priates finger. A score, of 0 was given for each successful trial. 

. 5. Finger Apposition (after Sloan, 1955)- r- S was told to place his 
elbows on the table with hi^ hands open and arms pointing up, E then 
demonstrated touching the fingers of his right hand to his thumb in order 
starting with the index finger. This was repeated starting from the little 
finger and working back\;ards, S was then told to repeated what he had 
just seen with the hand E pointed to. E always started with S ' s preferred 
hand. One point was give^ for each of the following conditions: 
a) inability to touch each finger to thumb in turn; b) flexion of fingers 
or thamb on- other hand during, a trial. A score of 0 was'-gi.Ven for each 
successful trial. 

6, Feet to hands (Connolly and Stratton, 1968, Fog and Fog, 1963). 
S was told to stand facing the E and* "let your arms hang down by your 
^ sides." The E then deraonctr^£ed the task by' inverting his feet and walking 
on the outside edges of them (distance of six feet). S was then instructed 
^ ,Xo 4o what he had just seen, A score of 1 was given if there was supination 
or pronation in the hands, A score of 0 was givenr^or successful performance 

The following chart summarizes the range of scores possible on each 

neurological test, A higher score indicates a poorer performance*: 



Test 


Range 


Bender-Gestalt 


0-9 


Clip Pinching 


0-4 


Finger ^Spreading 


0-4 


Finger Lifting 


0-8 


Finger apposition 


0-4 


Feet to handp 


0-1 



Total range 0-30 
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Cognitive Tests . 
1. Deformation of clay (after Piaget 1950). \^xxb given two balls 
of clay (play-doh) with approximately the same amount of clay in each 
(diamfiter 1.5"). He was told to make them sp "that one ball has just as 
much clay in it as the other one." He was further told "when you finish 
each ball should have just as much clay as the other one,"' After the S - 
was satisfied that each ball had the same amount of clay E performed three^ 
deformations on the clay balls. S was told to watch what E did. After 
deforming one of the balls E ashed "Do they -still have the same amount 
^of clay or does one have mo r^ than the other?" After S answered he was 
asked why he ^ thought so and then asked to make the deformed clay into 
a ball again. He was further instructed to make it so that each ball had 
the same ciraount of clay just as before. The following 'deformations' v/ere 
performed: ' ."^^ 

1) Sausage - E rolled ball into sausage shape approximately one 
Inch long , * • 

2) Pancake - E pressed ball into a flat disk approximately the size' 
of his palm (diameter, 4") . 

3) Balls- E-made one of the balls into 10 small balls and placed thera 
in a line. 

For each deformation a score of 1 (nonconservation) or 0 (conservation) 

» 

was given. On the basis of these three scores S was assigned to one of 
the following three categories for deformation of clay task: 

Nonconscrver - Total score of 3 • • 

Transitional - Tot^ol score of 1-2 

Conscrvej^- Totnl score of 0 
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2, Cups and Circles (after Piaget, 1950) - egg and eggcup experiment - 
E placed ten small paper cups 1*' apart in a row in front of S . He then 
gave S a .cup full of cardboard circles (each about the size of a dime) 
and asked him' to put a circle in front of each cup so that "there will be 
just a's many circles as cups." ' After S completed this task he was asked 
If there were the same number of circles as there were cups. After agreeing 
that thex^ef wer&, S was presented with the 'following transformation: E 
moved the cups 2" ^P^rt and asked S whether there we^re still the same number 
of cups as cricles or whether there were more of oJie or the other , E 
then asked why he thought so* 

S was then asked to put the cups back like they were before. After 
Jie agreed that there were the same number again he was. presented with 
another transformation; E moved the circles 2" apart and asked the same 
questions as in the previous transformation, ' 

For each trans/cmnation S was given a score of 0 if he said there 
were still the s^e number of objects and 1 if ,^ie said that there were 
more .of one type than the othc^^ S's total ^core was the sum of the two 
transformation scores and on the basis oX this score each S was assigned to 
one of three categories; 

^ NoTiconscrver - Total score of 2 

Transitional - Total score of 1 

Conscfvcr ^ Total score of 0 



/ 3. Concepts of "some"" and "all" (classification) (after Piagct 1964). 
E placed a row of circles (1" in dinmctcr) and| squores (1" on a side) in 
front of S in the following •order from his left" purple circle, purple 
square, purple circle, purple circle, purple square, red square, purple 
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•circle, red square, purple circle. Then E placed a pile of red squares, a 

pile of purple circles, a pile of red circles and a pile of purple squares 

4 

an the table. E asked S: "If you -had to m ake a row of things just like the 

tj • 

one in front cf you and you could use as many of these piles a-s you needed 

/' 

which ones would you use? Point to the ones you would use," 

E removed the piles and said "Now I am going to ask you ^^Ss^e questions, 

yoti can answer all of them by looking at the row of things in front of you.'* 
The following questions were aske;J: 

1) Are all the purple things circles? 

2) Are all the square things red? 

3) Arc all the circles purple? 

/ 

4) Are all the red things squares? ^ 

If S made no mistakes he was a conserver, if he made 5 mistakes he 
was a nonconscrver . If he made 1-4 mistakes he was transitional. His 
final score was based on which of three categories he fell into: 

i 

Nonconserver - Total .score of 2 * 
Transitional - Total score of 1 
Conserver - Total score 'of 0 

Jhe following chart summarizes the range of scores possible gn each 
cognitive test. A higher score indicates a poorer per formanc*e : 
Test Range 
Play Doh deformations 0-Z 
Cups and circles 0-2 
••Some" and '^aU" ^ 0-2. 

Total rjugo: 0-/ 
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Results: 

mean 

Neurological tests 9,80 
Cognitive tests ' 2.70 

The Pearson Project moment correlation between th6 neurological and 
cognitive test' scores was +0.60 (t=3,8A, p< 0.005). (See Appendix, Figure 1) • 

Correlations were computed between neurological and cognitive tests 

partialling out both age and IQ: 

r ^ . 

neurological, cognitive x age -f 0.56 (t=3.57, p<O.O05) 

r 

neurological, cogTiitive x IQ = 0 .57* (t=3 .68 , p< 0.005) 
Conclusions: 

The data showSvr^a significant positive correlation between the measures ^ 
of neiifrological development and the measures of cognitive devciopment. This 
correlation cannot be accounted for by cither age or IQ, 

Study II: Cambridge, Massachusetts 

Problem: 

Is there a correlation between the neurological and cognitive measures 
with subject^ of lower SES and IQ than the Weston sample? 

Method: 

Subjects: Thirty Caucasian boys in the first grade of a public 
elementary school were selected as subjects on the basis of age. All 
but one of the boys w.is between 6.9 and 7.1 yeors of age. The other boy 
was 7 years A months and was the youngest subject available to complete 
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s ra nge 



2.83 5-16 
1.76 0-5 
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the sample. The entire population of eligible subjects in three schools 
was selected. For the study the mean age of the sample was 6,59 years 
with a standard deviation of 0,29 and a. range of 6,17 to 7.33 years; The 
mean age of this sample \S not significantly differ^t from that of the Weston 
sample (z=0i73, ns p<0,05). 

• Again parents' occupation was used to estimate SES level. Seventeen 
of the 30 subjects could be classified. The mean S£S was 28.35 with a 
, standard deviation of 13^68 and a range of 12-53. This mean is significantly 
lawer than that of the Weston sample (t=2l.26, p/C 0,005). 

An IQ estimate was obtained by individually administering the P^abody 
picture Vocabulary Test, The mean IQ for the sample was 98 .'23 with a 
standard deviation of 13.03 and a range of 62-125, This mean was signifi- 
cantly lower than that of the VJe$ton sample (z=5.57, p< 0,01), 

Procedure and Method: . ' — . 

The procedures and methods used with the Weston 'sapple were replicated 
with the Cambridge sample , 

Results: 

mean S_ raflge 

Neurological tests 11.13 3.81 A-19 

\ 

Cognitive tests 3.87 1.33 1-5 

The mean of the neurological tests docs not differ significantly 

from that of the Weston sample (z^l.53, ns, p< 0.05). The mca[n of thc^ 

cognitive tests is significantly higher than t^ho^ of the Weston sample ■ 
(z-2.93, 'p< 0.03) . ' . , 
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The Pearson Product moment correlation between the neurological test 
scores and tha, cogni tive test scores is = 0..72 (t=5.62^ p< 0,005) (See 
Appendix, Figure 2). This correlation is not Significantly different 
froai that of the Weston sample (z=0.82, ns , p(0.05y» 



Correlations were computeVl between the neurological and cognitive 
/tests partialling out both ""^ge and IQ; 



neurological, cognitive x ago- 0,74 (t«5.85, p< 0,005). 
neurological, cognitive x IQ== 0,69 (t=5.07^ p 0.005) 



Conclusions: . . " ' 

With a sample of boys lower*^ in IQ and SES but of the same age as the 
* Wes'ton sample a positive correlation between neurological scores and 
cognitive scores was again found. This correlation does not differ 
statistically from that of the Weston sample. Again it cannot be accounted 
for by either age or IQ. The mean cognitive score of the Cambridge sample 
is high^*" than that of the Weston sample. The difference between the mean 
neurological scores approaches but; does not reach significance with Cambridge 
having the' higher mean sdorc (for 0.05 level need t of 1.64, t value is 1.53) 

. Study III - Cambridge, Massachusetts 

Problcju: 

How reliable are tlje neurological measures? 



Method: 

> 

Q Subject!;: 28 o^ the 30 original Cambridge subjects made up the sample 

' C0257 



(1 child broke an anklp ^v,« •^t 

" anKie, the other was sick) 



Procedure: 



deviation of 8.34 and a ranpe of q is ^ 

range of 9-35 days. This time the tests were 
administered in a way such ^hn^ 

ay such that each performance had 2 trials. (For 

computational purposes tr^a^ i 

for .,,1. .CUlcation the procedu.i „as the"' ^a^e as_iefore . 
Results; 

Two estimates of rellAb'^^^^., > ' 

reliability were computed: between- trials and test 

re-test. The following Pearson Prn-,•o.^ 

^ S earson Project moment correlations -were obtained- 

r 

between trials = +0.93 (t=13.67 p< 0.005) 



r 



test retest . +0.75 (t-S.SO, p< 0.005) 
(SCO Appendix. Pl^ure 3 tor test rotest reUabiUty) ' 

THe .eco„a set „r „e„re.,.ca: scores Ha. a „oa„ o, U.O.. a stan.ar. 

-.-o„ o. 3.. a. a ra„3e o. .... T.s _ U tHe sa. as t.t .or 
the flrr.t c;r.^ 



the first set of scores 

age end Iq w^re computed: 

r • 

neurological II x IQ . _o 23^rr - 9i 

^ u.-ij (t-.21 ns p< 0.05) 

This. correlation U not s l-ni f i c -,n M v r^irr 

(^-0.73 ns p<0.05) ^-^^f^^anUy different .from that found in Study I 

r • ■ ' 

"o^ u.itJ (t-0.94 ns p<0.0'")) 



Thl;^^' correlation is not significantly different from that found in Study I 
(z=0.57, ns p<0,05) 

Conclusions 

The inter trial reliability of the neurological measures is high. The 
test retest reliability of these measures is moderately high. It is 
possible that enough ::tme had elapsed* betv/een tests for some of the 
subjects to have undergone developmental chairges in these variables. In 

0 

this situation the correlation might be artificially lowered and. therefore 
not an accurate measure of the stability of the tests. If, however, the 
0»75 correlation is an adequate index of the reliability of the tests then 
."^he correlation between the cognitive and the neurological' tests is 
approaching the limits of its reliability. 

Nonsignificant change was found in the relationship between age or , 
iQ and neurological score from 1st to 2nd testing. 

Study IV - Weston, Massachusetts 

* . ' I , 

Problem: 

Would .the original correlation hold over time for the 'Weston sample? 
Procedure : 

.Subjects: 28 of the original 30 j:hildrcn were retested (1 moved, 1 was 
sick) . ' • . • 

' Method: * ' ' • 

In order to minl-if/o experimenter bias each child v/ar, tested in two 

C 0 2 5 9 
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sessions, no Icc-s than 1 -and no more than 7 days apart. The neurological 
tests were given Hurlng the Session first *5ind the cognitive measures during 
the second. To compute the mean length of time between first testing (Study 1) 
and these sessions, the second testing date was determined in the following 
way. Since the neurological tests v;ere always given first this testing 
date plus the mean number of days between the second neurological testing , 
and the second cognitive testing was used as the date of second testing. 

The mean length of time betx^/een first and second testing was 121,75 days 

I * 

with a standard deviation of 10.21 and a range of 109-136 days. 

^ ' If « 

The neurological test items were administered in two trials as in 

Study 3. While the 1st trial was used for purposes of analysis the 
comparison of the 1st and 2nd ,allov;ed for a check on the: intertrial 
reliability repor^ed^in Study 3. 

With these excfeptions the method was the same as in the first Weston 
study (Study I) , . 



Results: 

Neurological scores 
Cognitive scores 



mean 
7.57 

1.50 



2D8 
1.A3 



range 
3-12 

0-5 



The means of these scores are significantly lower than the means of the 
first scores (z^2.93, p 0.01), 

« Comparing individual changes bct^^cn 1st and 2nd neurological scores 
reveals only three subjects with a poorer performance on the 2nd test, A 
similar comparison between il'cioxognitive tests finds only two subj%?cts getting 
poorer second scores. 

\ 

■ c 0 : c 0 
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tKe Pearson Product moment catrelation between the neurological 
> 

score and the cognitive scores is +0 .47 (t=3^.73 p <^ 0 .01) .-(See Appendix 

Iff 

figure 4) . This is not significantly diff^prent from the original corre^.ation 

(2=0,60 ns p >0. 05) . ' * » . 

The following correlations were computed between neurological and 

cognitive scores portialling out age and IQ: 

r ■■ ; ^ • 

neurological, cognitive x age==+0.47 (t*=2.73, p^O.Ol) 

r 

neurological, cognitive x IQ «= +0.42 (t«2.38, p<0.05) 
As with the Study III the intertrial reliability was high, r«+0,92 
(t=12.03 p< 0.005) . . 

Conclusions: ' * • 

Approximately four months after first testing the Weston sample 
showed significant improvctacnt in l;)otK neurological and cognitive performaace< 
Op an individual basis only four subjects performed more poorly tho^ second 
time on either the neurological or cognitive tests. 'Despite these changes 
in the absolute valuc^ of the scores a positive correlation between the 
neurological and cognitive measures was found. As before, this could not 
be accounted . far by either ag^ or IQ. 

J ■ . ' . ■ 

Summary: 

Fou^" studies hnvc bcLMi reportrj that investigated the relationship 



between mcosurcs o*f ncuroloj;! cal dcvi' lopmcnt and mon.'^^cs of cog^lti^^e. 

■\ ) - 

dcvcloi)!M<?nL . Two groups of thirty six year old fir;;t j^r.ulcrs were siJbj^ccts. 
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\ •. . . ■ - w . ■ 

A significant positive correlation was found betw^een a subject's ' - 

perforuance on neurological tests and on^ cognitive tests* This correlation 

* ■ ■ - . - 

was not sj.gnificantily influenced by ^the age, IQ or SES of the subject. 

Subjects who were followed Icmgitu^inally (A months) showed improvement 

* In performance level without change in the correlation between neurological 

and cognitive measures; 

The inter trial, reliability of the neurologdfal items was vety high. * 
The short term (three weekg) test retest reliability of the neurological 
test was moderately higlX, . > 

The, studies reported were* designed to ideritify a phenomenon and 
establish some of its parameters. No studies have yet been done that 
p rovide an explanation for the -correlation between, the particular neurological ^ 
•tests and the particular cognitive tests. However, the metaphors that have 
been used to account for success on each of the two kinds of -tests are not 
n eclssarily mixed, . 

All the nei^loglcal tests except the Bender Gestalt measure associated 
movement. Fog and Fog (1963) argye that the normal deyelopnental disappear- 
ance of these movements depends on "cerebral" inhibition.*'* Vfnfle no one ■ , 
knows exactly what this mechanism might be, it still* pijovides a useful 
metaphorical rationale, , ' . ^ - - 

On* the cognitive side, Piaget's metaphor for describing the process 
involved in a child 's ability " to'' succeed on conservation ^tasks is "decentering". 
It can be argued th^t one aspect ^o^f this "decentering" might involve the 
^ifibility to ^inhibit the first response to a persuasive perceptual change in 
a stimulus object. This inhibition of response mi^ht facilitate taking more 
than one dimension of change* into account on a conservation task. The 
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neurological and cognitive metaphors seem compatible. 

Moving from a discussion of the particular tests-used in this study 
to a more general description of what happens to the child from 5-7, one agai 

.A' 

confronts the Inhibition ra^taphor. White (19^6, p ,8) . finds " , , , an 
association in a number of' studies -between Impulsive, short latency 
responses and more' juvenilis behavior characteristics and long laitency 
responses a*nd more mature Ibehavior characteristics ^ Kagan ' (1967 V p •508) 
echoes this interpretation^: *'One of the pro^cesses common to many of the 
psychological changes <:an be described as an increase in reflection: an 
increased tendency to pause, to consider the- differential validity or 
appropriateness ot a reaponse; the ability to select the correct response^ . 
l^a-ther than ad^niit One that happens to sft on top Of the hierarchy when apt 
incentive stimulus appears J' The inhibition metaphor appears to have an 
extension that at least supports its face validity. 
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Kffccts of Vl3u>!&i^noi5e on ' Prol)loni-Solving Kstinated 
by an Mcondinz Method of Lir.its 
Sheldon III White and Richard S. I'ansfield 
Laboratory of llunan Development 
Harvard University 

Abstract 

Mixed or negative replications of previously reported age shifts • 
in reaction to stimulus variation }iave been found. The presents paper 
reports a failure t6 replicate a previously reported (VHiite, 1966) age 
change in reaction to a vai-yinr^-position discrir.iination learninr. condi- 
tion. It describes an effort to develop a more efficient" format for 
study of the effects of Visual noise on probleni-solvinfr . Usinr an Ascend infs 
Method of Lir.itr, procedure, f.raduated amounts of visual noise were 
added to two discrirainatlon problems, one v/ith constant cues and the 
otherM/ith evolving cues. Thirty fifbh-rfradcrs. coped with our hif.hest 
noise level vlien cues were constant, but pr-^rf ormance on the evolving 
discrimination was disrupted by lover noise levels. Poorer-perf orminr, 
were disrupted by middle noise levels-, better-perf orminr. coped with 
hinh noise levels except at times of larr,e chanr.es in the positive cue. 
In f:enera], it seemed as thourh the more "cor.nltive work'* the t/sk 
demandecU-^tne^l^^^^r w;t^he potentially disruptive effect of the noise. 
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Effects of Visual Moise on Problem-Solving Fstimated 

by an Anccndinr> I*.ethod of Limitsl 

Sheldon 11. V.'hite and Hi chard S. Mansfield. 

Laboratory of Human Developnent 
• * - * * 

Plarvard University 

A nujTiber of studies have indicated that at abouti six years of age 

children improve in the ability to solve problems involving varying cues 

(Gollin, i960, 19f>l; Walk and Saltz, 19^5; vrhite, 1966; Turnure, 196?; 

Brovm, 1969 ). Vmite (1966) studied two variants of discrimination learning. 

one in which the positive or negative cue- varied, and another in which the 

« 

cues varied in spatial arrangement from one trial to the next. He 
found ace chanp^es in reaction to both. V/ith reciard to the first kind 
of variant, varying positive or negative cues; Walk and Saltz (I965), 
and Brown (1969), have also- found a comparable age shift. However, 
they do not confirm the order of difficulty of experimental conditions 
which Wliite found for older children. With respect to variation of 
cue position, there are no comparable investigations in the literature 
but we have recently failed to replicate the original findings of an age 
shift in G^^^itivjty to this condition.^ 

The study compared Control, Varying-Positioh , and Late-Varying-Position 
conditions, the first two conditions identical with those reported earlier, 
the last a mixed condition^ in which Ss were exposed to the Control arrange- 
ment for their first 20 trials and then, if solution had not come, the 
VaVing-Posltion arranr ^ ent thereafter. With respect to the first tv/o 
conditions, Control and Varyinr-Position , the experiment v/as as exact a 
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repli cation' of the earlier studies arj is usually possible 'for psycholo/^ical 
experiir.ents conducted at a different time and place. The apparatus 
was identical in function and in the face it'presented to the.£. The 
E differed. The Hs, drawn from V7altham, Mass., would &cem f.rossly 
'c|omparaT;le to the ori/?:inal source Ss. Yet the never findings , suHunarized 
in Table 1, do not confirm the earlier findinf^s. Earlier, it was found that 



Jnsert Table 1 about here, 



the Varyin^-Position condition significantly interfered with children's 
learning at a younger ane,*after which it became facilitative. Table 1 
shovrs no significant difference in the effects of Varying-Position and 
Conm-ol conditions at any af;e with, if anything, a trend in the direction 
opposite to that found earlier. 

This pattern of mixed or negative confirmations of orif^inally replicated 
effects led us to seek a more reliable procedure for the study of the - 
effects of stimulus variation upon ] earning. The discrimination learning 
procedure used as a baseline seems inef^cient. Each S is confronted ^^i^^ 
only* one level of stimulus variation, and there is somethinc approachinR. ^ 
one-item test of its effect. The R solves or does not solve, vith problem 
difficulty quite imperfectly correlated with the trials-to-criterion index. 

The present paradigm required the G to make response choices based 
upon differences in a pair of visual cues. Teh S's ability to" do this was 
tested Qfi'ainst not one but a series of noise levels, and this te'ating was 
repeated six or seven times in the haJf houi' available for work witli the(^3. 



.V/hite and Mansfield -3- 



Method 

.An ascending method of limits, ims used to test the S's ability to 
cope with graduated increnents of visufil noise during problem-solvinr;. 
There were two tasks, Tlie first was' .a standard two-choice discriminati'On , - 
and the second was an evolvinc two-choice discrimination patterned after 
a pitfeviously reported task (\7hite, 1965). The H began each problem with 
trials on which his choice cues, line drawings, were clearly visible. 
Then, each tirae the S responded correctly, an increment of noise ytTfe 
^subsequently a«ded to further obscure the choice figures on the next 
trial. This continued until the S nade^ an error. ' During. the standard ^ 
two-choice dfscrinination , almost all Rs were able to ^sustain correct 
choices at the highest noise level used, and so Ss were only f.iv^en one 

r 

ascending; series of noise levels durinf. this problem. ' D\a-ing the prraonta- 
tion of tJiR evolving discrimination, when errors at moderate levels of 
noiPC'were comr.on,- the £s wore exposed to jrepoated ascending tents over 
the course of 80 trials. C 

Stinul l. Three sets of sti-muli were used: the cues for the simple 
vHscrimination, the cues for the evolving discrimination, and the noise 

figures. a 

For the simple djLijycrimination , cues consisted of. a positive line, form 
vs. a negative, line formV There were eight different pairs of 'such forms 
used with the Ss to avoid any chance effects of ,i<iog#rncratic properties 

k 

/ , , , 

of any particular pajr. ' . 
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The Gtinuli for the evolvinf: discriininatdon were constructed from 
a library of 13 "eler.ents", lincs^ and- peonetric shfl^es (f:ee Figure 1). 



Innort I'^ifrurc 1 about here 



Ho elencnf appeared sir.ultaneousQy in the positive and negative cue, but 
elen.entc appearing in one cue nie;ht later appear in the other cue. Usually 
a cue consisted of two elements. From trirfl to trial, Change in the 
stimulus series occurred as these elements v^erV? faded in and out. Because 
of this principle of fading, the amount o'f change from trial' to trial was 
not coTistant. There Irials for which one element was completely faded 
out, p^d the positive stinulus consisted of a sinp;Ie element. To be 
consistently correct on these trials, a feub^lect Had to rctncmber both, 
eleraenl^Vi of tlie positive cue from the previous trial. To choose correctly 
on other trials, he needed only to remember one of the two elt^meoats of 
the previous* positive eye. 

The third G^oup of stimuli, those maVing up the visual noise, were 
used as overlays for both the constant and cverchanr;in(7. discriminations. 
Stimuli for the visual noise were constructed from another library of 
geometric shapes.. These geometric shapes were placed randomly within two 
square areas sp as to mask positive and negative cues of bot Ik types of 
discrimination problem. 
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There were^O overlays, made up of' four sT>eciniens of each of . ten "levels Of 
visual rroise. Levels of visual.^noise. were established by- varying ishe " • 
nur.ber'of geometric shapes in ea:ch of the two square areas. Level 1, . ^ . 
representing the absence of visual noise, had no shapes in either square 
arek-^LevelB 2 through 10 and, 2 ,h ,6 ,8 ,12 ,l6,20 ,2^1 , and 32^, s>i^pe^. in . 
each s-quare area. ' 

All three kinds of stimuli were drawn on 5". x Q^^ sheets of colorless 
x:ellul6se acetate elastic framed in cardboard for ^ase of handling. For A 

■ V' • " ' % ^ ■ ■ ' V. 

each trial of the simAe and evolving discrimination problems both the 
positive and negative cue appeared on a ,si%le sheet of plastic . "^he visual 
' noise^ figures were stored in a box with ten compartments so that the 
experimenter could quickly select a specirrW^of a particular level of ^ 
visual nois^M Using^a Thermofax 66AG overhead projector,, stimuli were 
projected onto a movie screen. Ss^ sat six feet from the scr&en. V/hen " - 
the stimuli were projected onto the screen', tjie separation of the positive 

■ and negative cues was aLd'ut three^feetT ' ■ 

•Sublects. -'Ss were 30 fifth graders drawn from tJp clas'srooms of a 

^-^j^^-^ _ 

public school ' in WaJ^wt^CU Massachusetts . 2 The mean age was U-O , and ■ 

.there was^a. range from lO-b to 12-0. . ' I, • , - • 
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I 

' Procedure . 'Stimuli for -^he first trial of the simple discrimination 
were projected onto the screeb, and S^§.were told: 
^ ''Look at the figure on ypur right. ^ In this game that figui'e is^ 
correct. , Each time try to tell me which side, that figure \s 
^ "* on right or left." •. ^ • ' " , - 

After each choice, Ss were told, "Good," or, "Hot that time." As the 
correct side changed accordini5 to a random sequence, Ss were required to 

^.elect correctly ten times. ^ pen the E began to introduce visual nois^. 

" .} / 

"Stairting-^at tevel 2, the levej^of visual poise vms increased by one after 
each correct --choice, until th^ S made an erroi:. If reached Level 10, 
this" level was continued until an error occurred. \ 

\>/h©n^S made an error,' thi'V^ask was stoppe^d and he was introduced 
to the everchanging discrimination, jhe stimuli,^or tB^-^jj;:^ 
projecte*d onto the screen and l|he £ was t^old: 

"Look attvwhat you see on your right. V/hat you see on your right 
is. correct this time. But l it will change a little^each time. 
' Pretty soon it wpn^t look at all like what you now see on yoiir 
right. Each time, try to tell me which s;de it' is on. Sometimes 
it wiM be too hard for you,, but don't worry;* it gets too hard . 
for evex:yone. If you don't l^^ncJw which side is correct, just make 

. J C \- ' ■ ^- 

the best guesS you can. * ^ > , 
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Ss received at least ten trials on this task v/itliout visual noise. 
Before visual noise vras' added, the last three Qhoic^s fiad to be correct. 
Beginning at Level 2, the leVel of visual nOi§e of the overlay v/as 
increased by one after each correct choice until an error occurred. 
At this point visual noise %ms reduced to Level 1 (no visual noise), 
until three correct choices were made. Then visual noise vsks added again. 
As before, Ss reaching^Iiev^^ ^^^^ different exajnples of this 

level of visual noise until tliey made an error, ^his prqcedure was 
repeated UTitil the first error af te?; -the TOth trial. During this task 
the basic ever changing- stimulus series always adyanced on each trial, 
regardless of S ' s response. ^ . ' ^ 

The total' time jreauired to run. each ranged froms25 to 35 minutes. 
<, Results • ^ 

Observation of Ss' behavior in the simple discrimination indicated 
that the visual noise vas having the intended effect of ..nmking the 
problem more difficult. It was evident that, the' raore the noise the. 
longer Ss took -to identify the correct cue and, T(ith high levels of 

' visual noi^e, latencies of response were as long as 15 seconds. Ilovrever, 

" ' ■ \ * ' ' 

alinost all Ss could-handle the highest noise* levels on this task. 'Twenty- 

N fetx Of the 30 S^s Responded 'correctly at least once, at level 10. Ss 
seemed to^ fail only when the particular overlay of visual noise vzas an 
unusudily'effective mask of the stimuli of the discrimination. It was 

. concluded that in a problem wj-iere exactly the saijpe visual figure had^ to be 
located again- and again Ss ot this age could cope Hth maximal amounts of 
our visual fioise scale. , * ' ■ ' • - , 

. . t-0278 
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•On the evolving discrimination, "however , S^g operated correctly only 
at lover noise levels. Each B made at least six errors capping sequences 

of<Lcorrect choices at ascending levels of noise. Th^ level of visual 

» > '-^ 

noise on the last correct trial before an etror vas taken as an estimate 

of the maximal level 'of noise at which the S could cope Vith an evolving 
discrimination.. * Individual mean maxima ranged from 2.5 to 8.U with a mean 
of means of 6.3*and a standard deviaiton of means eqtual to 1.3. 'There 
were marked individual differences ajnong the Ss in the;ir ability to cope^ 
with the evolving discrimination through noise, but it vas clear that Ss 
could cope vith much less noisre during performance of the^ evolving discrimina- 
tion- than they could during the simpj.e discrimination. ' ^ 

Did Bs learn to handle the noise? Some S^s achieved progressively 
higher maxima during the, task, as though learning or adaptation were 
taking place. ^Other S^s shoved declining maxima, as. though they were ' , . 
fatigued or bored. To test trend quantitatively, the average of the fi^s^ 
three noise maxima foj each' S^ vas compared with the average of his last 
.three maxima. There vas a slight trend towards higher maxima, not 
Significant ( t_ = 1.6l; p <1.20) . It was oui- impression that this 
statistically neutral trend represented^ positive' learning trend balancec 
by an opposed negative trend brought about by migiiie. Usually, ^fatigue 
is not a factor in a task of this length, but our high nois^ t2|i.als were 
visibly quite demanding on the S s . They often had to' "engage in prolonged 
and effortful study, bf the .stimulus field befo^re making their choice, and 
their remarks sometimes indicated that they ^c5und this wearisome and 
slightly unpleasant. 
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V;e alluded eai-^lieiv-to dir.co^inOities in the evolving stimulus 
series. Periodicall^r ' one of the/Cvo shapes making up the positive cue 
and the negative cue would droD out. (See Figure l) During the fir.st 
1rn trials of the evolvinfj; discrimination, vhen there was no noise, all 
r;s were consistently correct in their choices. Hovevcr, took much- 
longer to make a response on trials where a shape which had been part of 
the positive cue dropped out completely- Later, when noise was present, 
lone latencies and errors were common on this type of trial. At such poi"nt 
Ss w,ere likely to say, "it's not there," or "Neither one is right." 

An analysis of. errors made on different types of trials confirmed 
the impression of uneven difficulty in the stimulus series. Trials where 
only one shape was left in the positive cue were considered "hard" -^ials ; 
the trials ijnmediately follovdng these trials were also considered "hard" 
trials. Trials in which both shapes of the positive cue ap^ared in 
their largest form, and trials immediately following these trials were^^ 
considered "easy" trials. For each S the numbers of eJt-rors on "hard" 
and "easy" trials were computed. Errors occurred much more often on 
"hard" than on "easy" trials (t f 5-33; p^.OOl).^ 

inspection of the data suggested thai 'this relationship did not hold 
for all Ss. ' Therefore rates of 'error 'o;;i "hard" and "easy" trials ^re 
exaitiined for "good" Ss (tffbse with the ten highest mean maxima) and "poor" 
Ss (those with the ten lowest mean maxima). ."Good" Ss averaged 3.T\ / 
errors on '"hard" trials and .5 errors on "easy" trials . This .dif f er^(nce 

in error-rktes was highly significant (t =^'6.-53; p^T.OOl). In contrast, 

■ • ■ / 

."poor" Ss averaged 3.2.e.rrors on "hard" trials and 2.8 crror^ on "easy" 
trials. This difference was not significant tt = .39;. n. p.). For each 

^ ■ " . ■ . C K. 0 0 " 
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'*g^od:'' and "poor'' S , the nunber of .errors made on* "easy" trials was 
subtracted^ from the number of errors made on "hard" trials. The ^resulting 
difference scores for Sb in the^two groups could then be compared. For 
"good" Ss the mean difference J^core was 3.2, while for "poor" S s , thi^ 
score wtis only Difference scores for the two groups differed 

significantly^ (t = 2.U8; p^.05). these results all lead to the conclusion 
that good Ss erred primarily on'"hard" trials^- whereas "poor" erred 
almost as often on "easy" as on Vhard" trials. , ' 

Some additional observations . During the course of the study, a 
number of signs testified to the difficulty of^he noisy trials. The 
looking at the Ss, .saw that they v:ere experiencing difficulty through a 
numbqr ^f indications — long latencies, a pbsture of tense and active 
searching -during the trial, remarjcs mad6 by S s To elaborate such obser- 
vations, ten further Ss were drayn from the same grade of another .school 
and were administered the task with an observer present who made a stop-- gp. 
»,yatch record of tjSt to respond on 'each^-fcrial, and who noted ^informal 
impressions oftiSs behavior during and between trials. ' ^ 

The stopwatch records gave some quantitative estimate of a trend., 
which had been fairly obvioUs in the preceeding- work. 'Kach level demanded 
more and more time, for the S to form his choice. For-the ten'.Ss, mean 
choice times, in seconds', for levels 1-10 were 2.2, 3.1, 3.T, '^.O, 5-0, 5,7 
6.0, 5.6, 6.T, and T.8. - • • . 
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1 Tlie latency trend derived f irom -'the ten ^ is not statistically 
significant, but it is. our beliefVhat* this vis due to great variability' 
of the ldte^cy figures* We would Suggest that the. prolongation of choice 
under noise .is "tvher€j((/ Certainly Aduring the larg^ preceding study, 
ifvas the E's strongest casual impress s ion pf the effects of the noise on 

' * The informal observation included notes on fidgeting and restlessn-i^ss ^ 
^ong the Ss. S s , particularly the boys, vould be quiet and somuvhat 
tense during a trial, sittijig leaning i?or^;ard in their chairs, searching . 
'the window. Between trials, there would be unusually high restlessness 
andjnotor discharge , perhaps simply because the motor restraint during 
the trial cramped the Sa-*; muscles • . Other evidence, to be discussed 
. ^ below, suggests that this cyclical pattern of motor restraint and motor. 
' • J discharge may support- the perforrri^nce of the Ss durin{$>the noisy tria'ls • 

Vnd may even be necessary to it. • 

^ * ■ * * 

f " JDiscussion 

^ ^ Th'e limits procedure was tried 'in an effort to develop 'a more « ^ 

efficient technique for the study of the effect of noisy cue * conditions 

6n prob'lera-solving. The problem-solving vras pitted against a series of^ 

.noisi Idvels, with time within "'l^^Rle session for six or , seven tests for 

■ ^ noise maxima. The task did have' a quality different fym those previously 

used to. study cue variation- during learning because it sought "to find the . 
S's limit. For some Ss, if not all, the tksk introduced a feeling- of stress 
or fatigue not typical of experimental, problem-solving or procedures and ' 
only .some fiirther exploration will indicate how useful tjie' tas^t' can t.e. 

O ■' Nevertheless,, these jreliminaiy results seem_ to^have some theoretical interest.. 
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Our evidence sup,p,ests that vrithcait noise all Fs could make ^ - 

correct choices on the constant discrimination and on the easy or hard 

• - ■ J ' 

• trials x>f the evolving discrimination. But the nois^, in effect, converted 
th^^ifferentiai difficulty of correct choices (reflected, to caa\ial 
bbservalion, in choice latencies) into a differential incidence, of 
•errors. It seems intuitively obvious that this would be-so, that visual 
noise 'would have this effect, but the rational basi^of this intuition is 
not' obvious in traditional terms. Traditionally, perception is supposed 
to come before thought (here, the determination of choic^l^and be apart 
from it. ^ • ' 

The noise load in itself did not throw off the S^s : almost all fio 
could choose cor:cGctly on the constant discrimination at level 10, ^}ffJ'"^ 
loafl of the evolving .discrimin/ition did not throw off 'the Ss: all S^s 
could track the evolving discrimination without noise. It was the conjunc- 
tion of -noise and choice vhicli produced errors. Perhaps there, is a 
tradeoff betwegdn perceiving and choosing in this situ&tion. There is nov; 
a .widespread conclusion that perception involves a sequential information- 
processing activity which is, essentially, thought (Luria, 1966; Ncicscr, 
1966i Piaget and Inhelder, 19^'^9') and that the htmian capacity for such 
information-processing is limited (Miller, 1956). Presumably, some ^ 
components" .of what ve commonly call .perception and thought must share 
^ t'his- limited capacity and,, 'thus a load on one dlfan take away from the. load 
that can bcf placed On the other. ^ ' " ^ . : . 
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' At least a part of what is- aboVe* called 'load'- may consist in real . 
tine requirenentc. The sost ohvious effect of noise on any piven trial is 
to extend the 3's study of the stimulus dicplayHn order to^'locato his 
choice stimuli. The £ ddes not perceive his choice cues instantaneously 
as f ir,ure-a/:?:aif:st-£:ro^aiid as is the case with noiseless cues^. / Tine 
extension could amount to time overload. There may "be a restrict:^ve 
tit?U2 span for the assembly of ^informational elereents for conjoint deter- 

fination of choice which is onaJUfeous to, or perhaps exactly the ''same as, 
the span of short-term memory (V/hite, 1969)* _ % 

We observed a cyclical pattern of motor restraint durrn^s the tibials . 
and mbtor dischar^re between the trials in a few of ^the Ss. This may be 
an index of a supportive mechanism. There is evidence saGSestinp. that in 
" older chil^lren and adults there may be a problcn-solvinB mode, a special 
psychophysiological state with distinctive characteristics, which may -serve 
to" protect cocnitivc operations as they extend over time. That there -i^s a 
. special state during problem- solving ir indicated^ by a miscellany of 
psychopnysdologipal studies of prOblcm-aolving (Germana, 1968; Elias an^- 
vniite, 1969;4Elias, 1970). It has been sufrgested that problen/solVing may 
t be protected by gradually rising 'cradients of arousal roflelted in EMG 
and pupillary dilation records (Malmo, 19^5; Beatty and Kahrieman, 1965). 
At the same time, there has been repe.ated evidence indicating^that Ss 

y 

who show motor^restlessness «durinr,^a task (Duffy, .1932) or who are 
characteris'tically hyperkinetic (Ka^, MdsB, and Rigel, 1963) have difficu 
.with problem-solving. It is possible that restlessness tends to dissolve 
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the i^.robloin-Golvinc r.ode- Tlie £ expends effort £b 'sustain the ouiesccnt 
state durihr,. the critical tine of the trial an'l the^ "catharts" restrained 
Hiotor behavior hetveen trials'/ As a task increases in complexity, the 
.donands on t>ie'n to sur^taiji the problem-solving mode over time may 
exceed his capacity, and thus, in one sense, his attei^ition span* 
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Figure Saptions, 



Fig. 1. The everc-hanging stimulus series. Figures seen on 
Trials 1-8 (two left columns) and Trials J41-U8 (tvo right cor^Tnns). 



Fig. 2. A^trial of the. everchanging stimulus series, with differ 
ent levels of visual noise added: (a) Level 1 (no visual noise) ' • 
'(b) Level U (c) Level 10. " ■ . ^ 
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Abstract * . . , 



i Earlde^ i^esearch has shown that there is a development with age 
in the ability to attend seleetivcly. Selective attention may be 
viewed as coping with irrelevant stimulus variation or noise, during 
problem solving. The purpose of l^he present study was to test for the 
development of th,, ability to cope with noise in problem ;.olvin^ Two 
tasks: an auditory task and a visual task, Mere used to test the 
ability. As a test of'^general intelligence, the Peatody Pictui'e 
Vocabularjr Test was .also administered. There were 30 kindergarten and 
30 second grade subjects': 15 boys and 15 girls at each grade. level. 

' . The visual^iask tested the,, ability to cope with visual noise 
' in Wee types of problems: the first a diseriminat^ion with constant 
position of presentation of cues . the second a discrimination with 
varying ^position of presentation of cues, and the third a relational • 
problem. In all problems the positive and negat5,ve cues apkared "on 
the righV and left sides of a movie screen.' Both types of discri^nination 
problems required the s^^bject to point to a constant pair.of shapes, and 
. the relational problems required the subject to point to. larger. 
. thinner, or flatter -pairs of shapes. On all problems the .ubject first 
• loax-ned to point cSrrectly in the absence of noise. Visual noise, 
' irrelevant shapes -superimposed over the cues , was then added in 
■ graduated', increments on s^iccessive trials, unt4^the subject made an e 
The auditory task tested a subje^'s abilit^ to detect a target , 
message^^different intensities of noise. The task required the 
Bubjec( repeatedly to point to onl^^^f eight fomiliur objects drawn on 
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a sheet of p|iper before him./ Subjects pointed according to the instructious 
at a ^sicnal |voice, in the aTbsence of noise. ' The noi^e, eT^l^xtxire of 

four voice5| taDdng together, was then superimposed over the -signal in 

'-^ I 

graduated i|ncrements on sufccessive trials, until the^subjc]|ct made an 
error. Ne^t, the nois-e level was set high enough to preclude percej^ion 
of the sig^'nal, and then lowered in gradufxted increments , until the subject 
poirited correctly. The xjrocedure was repeated fivq times at each of thrive 
levels of/ signal Voltune. ^ . » j 

For /the visual task the results showVi that thresholds for noise 
were Q function of the tyj^e of pi;6bleiH. Kindergarteners had their ^ 
highestf^hresholds on the discriminations with constant positipn. 
Threshoilds were slightly lower on the discriminations ,with varying 
position. The lowest thresholds were on the relational problems. Second 
graders performed at maximajL levels on both types of discrimination 
problems, but at significantly iower levels on the relational ^problems . 
The sdcond graderjJ were consistently superior to the kindergarteners. At 
.each. £;rade;^level subjects with higher IQs performed better than subjeets 
with lower IQs. However, "at the kindergarten level the superiority ' 
of the; high-IQ group was more marked on the discriminations than on the 
relatjonal problems, whilq at the second grade level the superiority of 
the hi|gh-IQ group was jippoi^^nt on the relational problems, but not on 
thfe discriminations-. 
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.* O^esholds for^noisc on tile auditory^ task vere also higher for second 
gfaders" than for kindergarteners. At the kinder^jarten level high 
auditory perf OT*rna«ce- was associated vith high v5.sual performance^ But 
at the second -gracfe level there appeared to be /no relationship between 
feUditory and visual performance. . ' ' -j ^ 

The results vere di^ussed in terras of :Atje^ abilities required by • ^ 
the visual, and auditory tasks. It vas suggested that the' abilities 
required on jbhe vigii^l task' were memory for sl>apes, systematic scanning, 
i ^anA'Inhltition of impulsive* rrspondihg. Tlie auditory task seemed to require 
the^ ability to sustai^n att ntion to the signal voice, the ability to 
determine when signal words vere being jireserited, and the ability to 
V make use erf i the set^f response alternatives. 

Somo^ technical problems in the visual' and auditory tasks vere 
di3cuss(?d, and a revised me^thodolpgy vas proJ)Oserf. Finally, directions 
for future' Research vere suggested, ' 
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Background of the Study 



The'selectlcm of acnoory Infonnation from the cnvirorurtenl; poses a. 
central -problem for researchers^ in perception,- cognition, nnd learninR. 
OrpanlsmD 'normally are expo8;id to a Constant welter of stimulation from 
different sensory modalities. Yet at any' given time they are able to 
• f?l^9 op only a «elected.portion of this' stimulation. • This focusin^^or ^ 
selecdlve ^ttdntion. is a vay of allocating cognitive resources to 
facilitate analysis of information. The processes underlying selective 
■ 'attention are viecessarily Complex, for we are able to attend to highly 
specific kinds .of stimulation within one sensory modality. At a'syr^phony, 
for example, it is possible, to attend to the music t)f one instrument, 
'even th6ugh many other instruments may be playing simultaneously. 
Examples of selective attention in other sensory, modali ties are ali;o 
plentiful.. In a broader sens^. selective attention, may be viewed as a 
process pllowing' the sj^paration of relevant from irrelevant information. 
Selective attention is }:hus a necesomry predondition for the application 
of higher-le^,el cognitive processes, nnd may be a crucial component of^ 
intell'ig.ence, or problem-solving ability. ^ . 

■During the ascendancy of behavioristic psychology, there was little 
interest in selective attention. As an unobservable, ineernol process, 
it was not consideVed worthy of study. However, a number of experiments 
In discrlinination Icamfng demonstrated that animals sometimes respond 
to only one dimension of,a stimulus., and also that -this dimeriDi^pnal 



t 



ripondlni can ^ver-ride learned dissociations :between stfradli^ and . 
respenses. The reader is referred to reviews ;of this; l>e|attire by 
MackintpsTi (1965) and by Fellows (1968) . ' To accommodate, these results, ■[ 

' • . . ■ . . " . ' ' ' ' ■ ■ , ' , 

stimulus-response theorists proposed various^ proce»s£s allowing for 
selection of stimulus infomation. Wiile some theorrsts (Spence, 19^iO; 
Wyckof£, X95ri Kurtz,' 1955) attempted" to explain the \eleetion in terms ^ - 
of oWiri; Orienting responses, other theorists realized that internal, ■ 
unobservable processes must be at work. „Aiiong the;l.ypotheti6al processes 
'proposed were: at\entioh' to stimulus dimensions (Zeaman and House , 1963) , 
stimulus coding (Lawrence, 1963) , mediation-(Kendler and Kendler; 1962, 
1966), and stimulus analyzer selection, (Sutherland; 1959., 1964). These 
hypothetical processes peWnitted some theorists -ttf maintain" a stlmulus- 
Vegponse theory of learning. However, this theory has not bee^ very ^ 
useful in explaining' the internal processes underlying learning in 

human subjects* . * , 

V ' ' . ' ' 

Stimulus Selection in Perce ption and Cognition 
• ' Recently, however, there has been a widesi5read revival of interest 
: in -the internal -mental processes ignofecfby the behaviorists. The pro- 
, cesses responsible for perception, recognition, memo'ry are being 

actively studied. And the problem of how organisms select stimulus infot 

mation is again a popular concern. Selection has been demonstrated/at 

many levels of pe(rception and- cognition.- 

• Cognition, operates through a hierarchy of processes. At the lowest 
levels are elementary feature analyzers responsible for perception. At 
■ higher levels are t>;e processes responsible fop focused attention. At 



fltlll higher levels are processes for th'o coding, memory, and retrieval 
o.f .information. The -higher mentaL processes required for problem- 
solving are near the.top of the hierarchy. This viev of cognition is 
of course'oversimplif led, but the notion of hierarchicaiy organized^ 
processes appears established. Psychologists haye.JjQund selection of 
information at every level. of processing they have sVudied. Some ex- 
amples of selection at different levels will be outlined below, 

ResearcKers-in neurophysiology" have, demonstrated W 
low levels of the visual "system. For example, Lettvin\and his colleagues 
(Lettvin,\^turana. Mcculloch' and Pitts; 1959) recorded^the activities 
of fibers in the optic nerve 'fibers of unanestheti^ed. A^s while pre- 
senting various visual stimuli. They found that , each filler had its own 
^"receptive field," or region of the retina where stl^ylat^?.on would produce 
some ^activity in the fiber.* These' fibers proved to be qu^te selective, 
in terms of the kinds of stimulation appearing in thei^ repeptive fields 
which would produce a response. For example* one type of fiber, termed 
a "net convexity detector,^' responded if a small dark object entered the 
receptive field ^d continued firing .as long as'the 'object l^emained there. 
Other fiber typ£?s responded t^Stained contrast, moving ed^es, and . 
net dliTimlng* 

^ Hubel and Wiesel (1959, 19^5 Hubel, 1963) afso found evidence of 
eelection in the visual system^ ' Recording from cells^of the cat 's visual 
cortex, they found cells that responded to^ the orientation of stimuli On 
the retina. Some -of these cells had what Hubel and Wiesel called "simple 
fields. -Such cells responded most strongly to a particularly oriented 
^.dge occurring at a iarticular position within the receptive field. 



Other cells, with "cornplex*' fields, were insensitive to the exact 
position of the edgo vithin the tecQptlye field, provided that a critical 
otienta'tion was maintained.* Like the cells in the optic nerve of the 

frog, these cells in the visual cortex* of the cat effectively select 

■ . » . ■ ' ■ ■* 

ini^oxrraation from incoming stimuli. " , ^ 

Visual pattern recognition requires analysis at "a slightly higher 
perceptual level. Selection *in pattern recognition has been required in 
studies where visual noise Is added' -to patterns v;hlch must be recognized 
under tachlstoscopic presentation. This literature is reviewed by 
Webster (1966). Also in the area of pattern recognition, seiection has 
been demonstrated in the studies of visual s ear 9 h by Neisser and his 
assc^iates. These experiments are reviewed by . Neisser (1966, pp. 68-70). 
Typically, subjects are required to scai) 50-line lists, each containing 
a single target letter at an unpredictable position. In scanning the^ 
lists, subjects report that they da not see individual letters; the 
list is a blur from which the target letter stands out. Since the sub- 
. jects find the .target letters, all the letters in the lists must undergo 
•at least some loWfer-^evel analysis. But by some selective process the 

I * * • 

target letters are singled out for a :more detailed analysis resulting 
in their ultimate perception. 

At a higher leyel than pattern recognition, much selection of infor- 
mation occurs through active, focal attention. Vlsuat focal attention, 
as measured by eye movements, has been shown to influence learning ^ 
(Wyckoff, 1952; White, 1966). But £ocal attention has more often been 
Studied in the auditory modality., by requiring subjects to "shadow" or 
repeat a message presented to one ear,- while another message is ' 

WC I ■ ■ .• • C0-S04. .. 



hultancrously presented to the other ear/ This literature is review^ 
bj Neisser (1966, pp.. 206-212) . Wiile shadowlriffe oTne message, 3ubjects^ 

ly become aware of cerBein kinds, of JLnformaiibn from; the unshadowed 
Ikssage. And un^tet some conditions theyXnadvertently switch their 
fshadowing temporarily from one messaga; to the other. These phenomena 

■ ' -i- ^ ■'■.■/.'•. ' . # * 

^ave inspired much theoretical debase ab nature of selective 

gauditory attention, ' / 

A group of neurophysiolpglst& (Hern/indcz-Peon, .Schdli^rer , and 
fjouvet; 1956) have ppssibly discovered a neurological manifestation of 
focal attention "to one sensory modality. Recording f:^om the cochlear 
nucleus of the cat, th^ found that the electrical activity produced by 
a 60und V7as sharply /educed wheit the cat was presented with a visual or 
an.ol'factory stimu/us. . ?he authors interprete.d their results in terms 
of a shift in attention. But this interpretation must be regarded with 
cautiori>\Bince /it has been disputed by other neurophysfdlogists (Hiigelin, 
Durtout , ank P^^illas; 1960) . • 

Above the level of focal attention^ selection also occurs in pro- 

. .. .- ■ . , ■ ... 

cesses reldted tcf memory* The 'selective- natuxe of memory reqii ires no 

examples./ B^t th^ importance of selection in th^ encoding of information 

has recently been demonstrated in- studies of the effect of preparatory 

BCt on the recognition of briefly presented visual cues. Apparently, 

a preparatory set facilitates recognition if it permits the subject to • 

encode the stimulus selectively (Harris and Haber, 1963; Haber, 1964a, b). 

'/Selection also occurs In problem-solving, when higher mental pro- 

cfesa'es are used. Bruner, Goodnpw, and Austin (1956) studied strategies 

in difficult concept-attainment problems. >The most efficient strat-egies 

. CO.30-5; • • 
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were called ''focusing strategies," because uh§y pennittcd consideration 

of the smallest amount of relevant information necessary for solutiorj. 

■ • ■ 'i • . ■ ■ * ■■ ' ■■}.}■ 

This brief revicv; has shovm that selection occurs at many levels 

of perception and cognition, ^ It is by no means assumed that the processes 

responsible iot selectJSbn are similar in all the cases cited, ^ But selec- 

tio*ii usually implies a separation of relevant from irrelevant information. 

. ' >^ ■ - ' ' 

V The Role of Noise in CoRnit?ive Problems ' . 

' It was proposed earlier that at the leve:;jj^^^q^ the 

ability to separate relevant from irrelevant information may be a crucial 
component .of intelligence or- problem-solving ability. Indeed, irrelevant 

• information or noise is built Into most cognitive problems. A very broad 

\ ■ * 

^ * 

I definition of noise is assumed here: noise is any aspect of the problem 

that interferes vd.th the straightforward application of the cognitive 
operations necessary fof^ solution. Wnen noise is part of a problem, ,t 
solution requires two abilities: the ability tq'cope with the noise by 
determining the problem's relevant aspects, and the ability to apply the 
required cognitive operations to these relevant* aspect^. iJhile solution 
of the problem implies the presence of both abilities, failure may mean ■ 
^ only thft/the gubjedt is deficient in coping with the noise. ^ .With a 
deduction in the amount of noise, the subject might be able to apply the 
required cognitive ^operations. • 

.This- argument has implications for many 'developmental studies of 
cognitive ability. Psychologists have often interpreted >/ounger children's 
failure on a particular task*-as evidence of a deficiency in some cognitive 
ability. But it is possible that in many cases younger children's failure 

Er|c ' • C0306 
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stems only from an inability to cope, with noise. This* interp.retatlon 

would explail the unreliability of many age-related findings • Slight 

■'■'*■■-•.♦ 

pfocedural changes, having no obvious effect on the required cognitive 
Opetati0t(s; may sufficiently alter the amount of noise in the. problem to 
brirfg. about different levels of performance. 

Tlie results of a number of developmental studies using different 
/ • ' cogni^tive tasks, suggest that the ability to cope with noise itiay determine 
performance. Levin and Haraermesh (1967) pbserved that in laboratory 
studies of matching and oddity learning children often perform much more 
poorly than on conceptually similar tasks from the Stanford-Bitiet • The 
authors hypothesized that procedural* and instructional variables are 
Important determinants of children's performancxe' on matching and oddity 
learning -tasks/ Testing this hypothesis, they required one group of 
subjects always to touch the sample stimulus shape before choosing one 
of the alternatives. This condition was intended to force the subject' \ 

to look at the sample cue. Another group was given instructions emphasis- 

* ' ** ' •» * ^ ' 
Ing the po'ssibllity and desirability of being jcorrect • on every trial. 

• . » 

These instructions -"were intended to counteract the tendency to adopt 

' : '• • " * ^ " 

position-'ff^^ed strategies leading to only partial reinforcement. Both 

' • groups performed significantly b^stter than a control group receiving 

neither of these instructions. For both experimental groups the effect 

; - •• ' • ' . * i 

' of the instructions may have been to reduce the noise in the experimental 

1 ■ . ■ . . ■ : 

I situation. • ^ 

• The ability' to cope^ith noise may also affect performance on 

. .* * • \ 

Piafeetian conservatiqn tasks. Bruner, Olver and Greenfield; * 1966) have 

• ./ . . . • 
^^^^ ' suocested that younger children's failure on tasks testing conservation 

. . 00307. . ■ . 
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of volume is due to distraction by a perceptually, salient aspect of the 
trans formed/stimdli* An irrelevant percejptual. cue may be regarded as 
a form of noise,» Bruner found that youj^ children^ go^/e tbore responses 
indicating fconseArvatlon when the' transformed -stimuli were screened, so 
that the irrelevant perceptual cue was not , available, Tlius screening 
o1)BCured a kind of noise in tlie experimental situation. 

Tliere is evidence that coping with noise is also important in the 
conservation of concepts of quantity, ^Ifliereas ' Piaget (1952) had placed u 
the acquisition of this' type of conservation between the age^ of six and ^ 
seven, Mehler and his co*wofkers (Mehl^er and Be^er, 1967, 1968; Bever, 
Mehler and Epstein, 1968) have recently fouii^evidence for conservation * 
Of quantity as' early as '2 years,' 4 inonths<^ Specif ically, they found 
evidence for a tlecline in conservation between ages 2-4 and 3-9, followed 



by an increase between ages 3-9 arid 4-7. Interpreting these results, 

. • * . i 

Mehler: and Bever (1968) proposed that -the capacity for conservation of I 

' ' ' , ' ^ f ' ' \ y 

quantity is present in 2-y.ear-olds, but Subject to more general limita- ' r 

tions of attention and mdinory, 7o overcome these limitatibns, the child 
. . forms perceptuaj. generali2atioTVs;'<e,g, , The long42ic row ha§' more circles 
in it.) which work in a majority of instances. But when the cliild dis- 
covers that these perceptual generalizations fail in critical cases, 

as in the tasks used to test conservation of quantify, he is ultimately ' - 1 

impelled to integrate them into a system that includes both the basic j 
logical* capacities and the perceptual generaU2ations . Very young 
children show conservation because one source of noise, the percenj^ial 
g^nerali^za tions, is not yet effective. 

In other developmental experiments the complexity of instructions 
ERJC cognitive tasks has been ^^^^^^^ ^^^^^^^^ effect, the tasks have 

... • • ^ ^'r ...^ / ^ 



teen preaentl^der varying conditions of noise. HutL'enlocher and 
Strauss (1968) reportiid two experiments. *in vhich children were required 
toVl^s) a colored block on a ladder containing one or two other, dif-' 
fcrentVblored blocks in fixed positions. The rlsulting sequence of 
blocks had to correspond to some verbal statement describing the 
sequential relationship. V/hen the mobile blo^k corresponded to the 
graumiatical Bubject in the verbal statement, children made fewer errors 
and tookJ^ss time than when that Uock ^corresponded to the grammatipal . 
. object;- In .the latter condition subjects had to transform the statert^^ent; 
so that the mobile block became the grammatical subject. \ 

A- subsequent experiment (Huttenlocher . Elsenberg and Strauss ; 1^8) 
required subjects to place a mobile truck adjacent to a fixed -trui^sl^ 
that the positions of the' trucks would conform to active and passive , 
statements describing which iruck was pushing or pulling the other truc^c. 
For active statements, as for relational statements in the previous 
<^per4)nent8. Vas easier to place the mobile truck cVrrfectly when it 
' was tha grammatical'subjact than when it was' the grammatical object. For 
passlve^tatemenes, on the other hand, it was easier to place the mobil^e 
•truck Jlirectly when it was the grammatical object. For both active and 
' passive statements performance was poorer if the statement had to be 
transformed so that the mobile truck would correspond to the grammatical 

subject* • . ' ' 

In another experiment Zern (1070) used a verbal exercise in which 
essentially the same question was asked In differl^it ways, so that the 
number of mental steps 'required to answer the question was varied. In 
effect, he varied the amount of noise .in Uae |iestlon. The question 
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ment. Werner suggested that perceptic^ is initially global and becdmes 
capable of differentiation only with development. Percepts from different 
eensory modalities are at first undifferentiated. Eventually, however, 
fine discriminations within a sensory modality become possible; 

'■S - . ■ ■ 
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always asked whetlfSS^ a given number was odd or even. Response latency 
was found to be a function of the number of .mental steps required to . 
de'Code the question. The tendency t6 operate- according to a ''mental^ , 
step" hypothesis, was equally apparent in children of all ages ranging 
from A to 12. 

• Zcrn's study and the studies, of Huttenlocher and her corworlcers 
found that varying the complexity of the instructions increased the 
difficulty of problems. In one sense complex instructions constitute a 
form of nois^e. Thus adding noise increased problem difficulty. The. 
Le.vin and Hamermesh study, showing that instructional changes facilitate 
matching-to-sarople performance and oddity learning, and the studies using 
perceptual screening to demonstrate conservation in young children) all 

J! ■ 

suggest that decreasing the noise in an experimental' situation improves 

the performance of young children. The implications -are that the amount 

of noise in a problem is aiv important determinant of performance^ and % v 

that the ability to cope with noise develops with age. • 

• * • \ 

Developmental Trends in Selective Attention * ' | 

■■ f ' . ■ ■ 

If the ability to cope with noise is iinportan^ in problerp-solving, 

it would not be qurprislngr to find that improvement in this ability had 

broad Implications for clognitive development. Werner's (1961) theory j 
» / ■ ' . . . . j 

suggested an^ijnports:®^^^ selective attention in cognitive develop- 
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Inspired J>y Werner's theory/ Witkin and his co-researchers (Witkin, 
Lewis, Herman, Machover, Meissner, and Wapner^, 1954; Witkin, Dyk, Fatcrsan, 
Goodenough, and l(ay, 1962) defined a cognitive dimension:' field dependence- 
Independence. This dimension was measured by tasks requiring perceptual 
* fie;Ld arliicula^ion. Field-independent subjects, in contrast to .field 
dependent subjects, showed less global and more analytic responding on 

a. variety of cognitive tasks. Furthermore, with development, children 
^ • . ■ • - . . ■ r ' 

were found to* become more field-independent, and hence more analytical 

•on perceptual and cognitive tasks. To th<i extent that field articulation 
Implies the ability to attend selectively to certain cues and to ignore 
other cues, these findings are suggestive of developmental changes in 
selective attention. Further evidence foj: development In selective 
attention comes from diverse^ areas of research. Some of these areas are 
considered brief ly^below. • ^ 

Incidental learning . Some researchers have used incidental learning 
studies to assess the ability to attend selectively. Typically, subjects 
are required to learn something about relevant cues when irrelevant cues 
are also present f Usually, there is also a simultaneous '^dis tractor" 

'task to insure an pyerldad of stimulation. 'Hagen and Sabo (1967) hypothe-^ 

sized that under these circumstances, older children, with a greater 

ability to attend selectively, would be. able to' inhibit attention to the 

Irrelevant cue?, so as to be able 'to learn as much as^possible about the 

relevant cues. In contrast, younger children, unable to focus attention 

t ' ' ■ . 

/exclusively on the relevant cues, would continue to learn about 'the 

Irrelevant cues. Thus the ratio of central to incidental material learned 

Would increase as age increased. * 
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' TcsUinn this hypothesia, Maccpby and JLagcn 91965) and Hagcn (1967) # 
..found that rdcall-of central material increased regularly w;tth age, vhile 
recall of • incidet^tal material did not. Hagcn's study also found correla- 
tlons su^portinB the developmental hypothesis. He found positive correla- 
tions 'between recall of central and. incidental material for children in 
' ' grades 1, 3, and 5, but a negative correlation at grade 7; His explana- 
tion was that in younger children the same factors affecting recall of 
the central material affected. recall of fhe incidental material,' while 
in older children performance on the central task was a function 'of the ' 

i 

degree to which they could inhibit attention to the 'incidental cu^sl. 

.The interaction betwfeen age livel and central-incidental recall 
was- replicated "by Hagcn and Sabo (1967), who showed that the increasing 
. ' proportion of cental to incidental material recalled was also apparent 
in ninth graders. These authors also demonstrated that differential 
recall rates for central and incidental material could not be attributed 
^ to different rates of memory loss for the two types of 'material. The 

r<scall rates were the same, wither central or incidental material was * , 

reported first i t i 
. ' Pruker and Hagen (1969),' also using an incidental learni^ng experiment, 
found evidence that the greater tendency of older children to focus on 
.the central and incidental cues led to a decline of incidental recall in 
- older children, but not in younger children. A post-test questionnaire, 
■ ^ administered to all subjects, showed two response tendencies clearly 

related to age: focused visual scanning and verbal labeling. T^e 
' authors proposed that these skills were responsible for. the older subjects" 
O . better ability to focus on the central material. ^ 

^ ' ■ . ^ .. €0.512 
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Several other studies havtt-found decreases with age in the relative 

• , ' amount of incidental learning. Crane and Ross (1966) studied attdntion ^ 

• to cues of -relfevant and irrelevant dimensions in a visual- discrimination' - ' 

>r problem. Cues from both dimensions were made redundant during^ an over- ' / 

tuning period, and then a second learning problem was administered. 

• In comparing second and siicth graders,, it was evident that the sixth 

graders had been focusing attention more exclusively on %he dimension- ■ ^ , 

. ■ " ■ f 
relevant aspects, while the second graders' attention was more global. 

A study by Siegel and Stevei^ton (1966), using a discrimination learning i 

task, with central and incidental components, showed an increase in . "i 

incidental learning between ages 7 and 12, and a decline between ages 

12 and 1^. The researchers concludedShat older children tended to ! _ 

disregard the irrelevant stimuli. A sMbsequent study by Siegel (1968) 

. showed thdt 14-year-old children were better able to inhibit attention ; 

to constant irrelevant cues than to changing one^ in a discrimination . 

• I 

i • • • { 

^ ■ learning task. , . 

All these studies using incidental learning suggest an increase withf^ • 
age in the ability to attend selectively. But, as an index of selective - r-. . 
ottentioor-ttte^proportion of central to incidental material learned is 
rather crude . With this proportion as a measure, selective attention is ' : 
\ partly a function of material not learned. Moreover, the incidental j 
learning experiments assume an overload of incoming information. The , • : 

overload necessitates a selection. Put the assumption of an overload m^ay 
-^not be valid for all subjects. Highly intelligent subjects, or subjects 

with eidetic imagery, might be able to process all incoming informati^. ^ ^ 

O . For such subjects the proportion of central to incidental m^iterial recalled | 



would mt constitute a valid index of selective ntf^ntlon, .Furthemqre, 
Che incidental ^^rnine L^echniqae reveal^ little, about, the procasrfes by- 
whic'hNelection is accomplished, possible processes include ^fcrcused 
visual attention, systematic scanni^a^i?«^eEles , and .encodinp, and re- 
hearsal practices. To deten^iine v;hicl? procetmcs are at work in a Riven 
experimental s'ltual-^lon, a more direct method of measuring selective^ 

attention is needed. ^ ^ 

Vi sual search; Other evidence of development improvement in visAial 
■ ■ ■ ^"^^ . /• • • 

selective attention comes- frotn studies of visual search behavior. Neisser's 

work in this ar-ea,.with adiOtu subjects, has already been mentioned. In 

a study by Gibson and Yonas (1966) second, fourth and sixth graders ^;.d ^ 

college sophomores were^jiqnJxedljia search for one o^r.two target letters 

lists of letters varying in visual conf usability . Search time decreased- 

with age, and a highly conf usaile visual context inareased search ^lime 

at all age levels. No interaction was- found b^etwcen age level and degree 

of confusability of context.- It had been hypothesized that with a highly , 

confus^ble context younger subjects*^ ^search time would be increased mucj..,. 

'more, relative to that of older subjects. For"the younger* subjects were 

presumed to be less fatniliar with letters and their distinctive features. 

However, it is possible that even the youngest subjects were so familiar > 

with letters that highly conf usable contexts disrupted their perfomlance 

no more than .that of older subjects. In any case, the superiority of _ ' 

older subjects on the visual search tasks suggests an improvement with 

■^age in the ability to select relevant from' irrelevant^- information . 

• p^ntarn reconnltlon . One tachistoscopic study of recognition sug-* 

eestcd developmental. changes in attention. Hunsinger and Gummerman (1967) 

, , . . . C0314 . 
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etudicd the effect of- visual noifse on the ;Ldentif ication of. tacliistoi. • ' . • 
scopic^ily presented rqndom pplyijons. * Second p^rnders, fifth graders, ^nd . _ 
colleGC adults vwere require^l to identify high attd. loy variability forms f ■ % 

with' "grids of noise superimposed . The grids were either •8yQl(eniatic or ' • 

random in the distribution of 'lines along the-X and Y coordinates, and ' . _ 

were of eithei;^low.or high density, Identification of forms was Wler 
when the noise was of low d^s^ty and- when it was oystematic. UndeiMH 
conditions the adults werfe superior to the fifth gr'i^s,- who in tyrft 
•wete superior to the second graders. There was also an interaction be- " 
tween age level and. density of jioise, with the. surferiority of adults . 
over children being most -hiarked under low-density noise. Finally, it 
was found that children qould more easily learn to extract signal 
from syfitcmatic^noise than from random noise. Thus the study demonstrated , 
an improvement with age in the ability to identify Jj^ienTJ^ttSfented- 
patterns obscured by noise. Tp. the extent that noise had to be ignored, 
, selective attention was required. ^ • 

Selective listening . Davelppmental changes in selective attention 
have also been studied in the auditory modality. Maccoby and Konrad (1967) 
required children aged from- 5 to 12 years to identify one of two simul- ^ 
taneously presented auditory messages. 'In some experimental conditions i 
a visual signal, two seconds before the presentation of the auditory 
messagea, indicated 'fehich of the two messages .was to be identified. In 
other conditions the signal occurred after the presentation of the 
^messages. There was an improvemenV witWage in the ability to report 
accurately. the target message. HoWQVer, it was not found that the ol^er 
childrekp better performance could be traced to any fijeater ability to 
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„..„caln s.« tor th^ target message. Children ol all studied 1«- ^ _ . 
,„ved their perfor.a-„ce Vlth a pr^aratory.slghal when listening tor 
•t«o-<«rd pV,.«»es/ai,d«he amount of improvement was sim^^ 

a,e leveli; W,en tistenlng for slngle words, the oldest groUp,dld not : . 

faprove performance' »lth a preparatory signal. *ereas younger children 

•1 »•1,o^ fhp older childrfen were better able v 
did. The investigatprsconcluded that the older cnii r ^ 

to do without a preparatory signal. 

" it vaa not entirely clear hiw preparatory signal, faa^^^^^ • . 

f.r.ance. . The advantage^i^as nordn allowing the suble^^ , • |:. 

ears, since the signal was just .seH^t^ vhen ^6th r^es.^ges cam. ^ , j 

over a single; loudspeaUer as when, they ca.e over separate speakers . Kor ^ ^ ^ J 
did the'advantageof the p^paratory signal depend up^ the familiarity ^ |; 

of the stimuli, upon their sequential probability, or Vnsistently upon i . | 
the-^ge- of the subjects. The authors rejected the hypothesis that the | 
effect' of set was to reduce the burden or inunediate. memory for the _ • | 

messages; If . this hypothesis .were true/the advlntige of the preparatory . ^. j 

^signal would have been greater when the messages were longer, less - j 

. familiar, and of dower sequential probability. But the preparatory set 
..improved p^tfonnance no more under these conditions than under control 
conditions V And despite ^a moderate increase in memory span ac^^^^^^^ .| 
age levels studied , tfl^Tmagnitude of the advantage of the preparatory / J 

signal' did not decreise with age." As an alternative .explanation, the : ^ I 

researchers ^uggestei that ' the preparatory^ signal allowed a shifting of 
-^attention to th_e^ desired elanefits of a complex stimulus. If this 
• explanation .vas"^orrect, then subjects of all ages studied had the ability • 
to focus attention to some degree. And the development of tl^e ability was ^ 

development of other abilities/ responsible for 0 03 1 6- 



identification of the messa^ges without the preparatory signal. 

' » ■ . . ' ' J* 

Varying cues . A final source*'of evidence for developmental changes^ 

■ d ■ \' ■ ■ ; ■ ^ • - 

In oelectlve attention- comes from stbdleg using varying cue&, A number 
of Studies have shown that younger chlldx^en , are poorer than ^plder chlldreit 

in coping with ^jaxying stljuuli* Gdllln studied tactual discrimination 

' \ . ; _ . . ' ,. •. ■ 

of forms made (by^patterns of tacks *Qn a wooden base. In one study 

\ ' •■ t •. ^ ' , 

, (Gollln, I960') lie f^und that first, Csecbn,d>..axld third graders werfe only :^?^ 

' ' " , • / ■ ■ . ' ' 

dllghtly poorer than adults at deciding whether two of these fornis were 

■ ' ■ ' >• ■ c ' 

■ the same or different. But wh^n noise was added to the forms, through 
the addition of larger tackdv^' which, had to be* disregarded in making 
judgments,, adults were able to ignore the noise and maintain good per^' 

formance,' while children were not. In other studies using this tactual 

* • ■ .* * ' • •' 

discrimination task (Gollln, 1961) younger children were poorer than 
older children at learning to- discriminate when there were extraneous * 
tacka. , \ 

Other evidence of older children's superiority in poping vith probleijis 
Involving varying cues comes from (discrimination learning studies^ (Walk 
and Saltz, 1965; r^^hite, 1966; .Brown, 1969) . White (1966) introduced three 
kinds of stimulus variation. into a standard discrimination learning 
problemto variation of the positive cue, variation of the negative cue, 
and variation of the positions where the cues were displayed. The 
results of the study, in which the different problems^ were given to young 
children of different age's, suggested the existence of an age-shift, 
occurring between the agas of five and seven, in the ability to cope with 
the stimulus variation^ Before th^ age shift, stimulus variation im- 
;peded learning, while- afterwards, stimulus variation had e,ither a neutral 



or a facilitating effect. Walk and Saltz (1965) and Bro^^fi (1969) also 
found evidence for an age-shift in' the ability to cope with cue varia- 
tion. However, they did not replicate the order of difficulty for the 
cutf variation and control cooditions that VTnite had found for older 
children. Furthermore, a recent attempt failed to replicate the age- 
ehift.ln the effects of the varying position condition (White and 
Mansfield, 1969). Thus the discrimination learning studies produced 

uiireliaWie^ results. • <■ ' ' 

■ ^ • ' ■ ■ \ ^ ' ■ ' ' 

But there are other 'disadvantages to using discrimination learning 

5 

rate as a 'baseline against which to measure the ability to cope, with 
Btimulu.s variation. Each subject can be tested only once, and under only 

"^one condition of stimulus variation. ^ For these Treasons a different tecK- 

/• ■ 

nique was needed to investigate^ developmental changes in the ability to 

■# • • • < .. - 

cope with stimulus variation. * - - 

Visual Noise in Problem Solving. ' . . . 

White arid Mansfield (1969) developed a technique in which subjects 
were required to make response choices based upon differences In a pair gf 
visual cues. Graduated amounts^>f visual noise were added to .two dls- 
cAminatlon tasks, one with constant cues, and one with evolving cues. 
An ascending method of limits procedure, to be described in detail later, 
measured a subject's capacity to cope with a series of visual noise levels 
Thirty fifth graders were able to cope with high levels of visual noise 
when the relevant cues were constant./ But, in the evolving discrimination 
-^performance was disrupted by moderate levels of visual npise. Poorer 
performing^subjects were disrupted by middle levels of. noise, regardless 
Of the amount of trial-to-trial change in^ the positive cue. Better 

■• • • . .. "• . • . 0 0318' 



..performing subjectB/ however > were able. ^ cope with high leve^ls of 
visual noise, except at times of large cliange in the positive cue. The 
researchers concluded that the greater the amount <of ''cognitive work" 
demanded by the underlying discrimination task, the greater was the 

potentially, disruptive effect* of visual noise. , 

-. ■ ■ . . . ^ 

Purr>05e8 of the Present Study y • . 

The results of the fifth gr^de study suggested ttiat superimposing 
visual noise on visual choice response tasks provided a satisfactory 
method for studying the ability to filter out irrelevant, inforifiatioj^^^ v-^^^ 
durdng problem-solving. 

Th(* main purpose of the present $tudy was to determine whether .tliere ^^ 
are developmental changes in the^^ablJjLty to cope with visual noise. As 
was previously mentioned, Mun'singer and Gummerman' (1967) found develop- 
mental changes in the ability to identify tachistoscopically presented 
forms in the presence of visual noise. In the ^t^fesent study the em- 
phasis was on problem solving, r^tjher thar* pattern if^cognition* No 
time limits on viewing the stimuli were -Imposed, and the target and noise 
figures were very similar in appearance. A second purpose of the pre- 
sent study was to test whether the effect of problem difficulty on 
visual noise threshold would be different for kindergarteners and second 
graders. Third, the study investigated the relationship between IQ and 
the ability to cope with visual noise on tasks of graded difficulty. 
''.Finally, the study tested whether visual .noise threshold was related to 
auditory 'noise threshold, as measured by an auditory task. > , 

. First,. it was predicted that on' the visual task. older children would 

OOSlV; " 



petfom b^attef than ywjnger children, regardless <}f problem diffi- 
ciilty. Second, an interaction was expected be tv7eerf the effects of age 
nnd-prohleni difficulty. Differences between average performance levels 
on problems ofS^ing difficulty>i;ere expected to be greater for -younger 
childrien -than for older children. There were two assumptions uti^^rlylng 
this prediction. The first was. that visual noise was potentially ifiost . 

4 

disruptive when the underlying problem demanded high amounts of ;COg- w 
nitive work. The s'econd assumption was ^that the amoft^^jof cogiiitive . 
work demanded by a jroblem was' not the same fot children of different 
ages. For' older children it was. likely that none of the undetljying: prob- 
lems entailed much cognitive work; hence visual noise' was expected to 
'produiSe only smalP differences the ^.roblema, ^IthbOgh 
they were graded in difficulty. ' For younger children, however, it was 
likely that the problems of varying difficulty did entail different 
amounts of cognitive work, Therefve, younger children's scores were 
expected to be more divergent than older children's on, these( problems. 

Another similar hypothesis was that there; would be an interasMon be- 
tween the effects of IQ and problem difficulty . • Th« effect of problem 
difficulty was exp(icted to be less apparent in high-IQ than in low-IQ 
children. The reasons for this hypothesis were similar*to the reasons 
outlined abdVfi for the prediction of differential performance of older 
and younger, rhildren. » . . 

Finally, it i/as predicted that the ability to cope with visual, noise 
would be related to the ability to' cope with auditory noise on an 
auditory, task. This^ prediction assumed that some central , processes 
fQCilitate selective attention across sensory inodalities, 

* . ' ... . 00320 • ■ ■ ' 
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, • ■ • Metliod, • . V 

/■.■;■>/ \-' ■ .-s^^ ; ■ . " ■ - ■ i 

Three tasks wei'e a<lT»][inistcred in separate sessions, always' in ^ the 

Bmae order: .a^yisual task, the Peabody Picture^ VoGabular.y Test (PPVT) , i 
and an auditory task. The PPVT was administered in. standaxdjr^^hiori, ^ 

according to the instructions of the test*manual (Dunn,'' 1965) • The . | 

method and procedure for the visual and auditory tasks are^ presented . . ♦ 

■ • ' ' . ■ ' 

separately below. Subjects were 30 kindergarten and 30 second jgrade 1 ^ 

- ■. ' ' ' ) ' / 

children from an elementary school in Newton, Massachusetts, The school 

■ - ■ ■ ■ ■ V . •• r 

drew students: chiefly from working class and lower middle elass families,, * 
To. facilitate analysis of possible sex differertces in performance, equal 

numbers pf boys and girls were tested at each grade level, , • |' 

■ *■ ■ 

Visual Task - ^ . . \ 

— ' — ^ — ' . ^ . V 

The visual task tested the aMlity of kindergarten and second grade ■ 

cMldren tb cope with visual noise in three types of problems varying in )^ f 

difficulty. In all three types 'of problems the subjects made respor^e ^ 

choices between 'pairs of cues displayed on a large movie screen. The ! 

, ■ ' ' . * • • f 

easiest type of .problem was^ a discrimination with constant cues, . \ 

which always appeared in the same two positions on the right and left » 

' ■ ■ ^ . . , • \ 

Bide of the screen. These positions were the centers of two square | 
• areas in which visual noise might appear (See Figure ''I), On aOccessive . ? 
tfials the positive cue appeared on the right or the left accordiij.g to 

a random sequence. The- second type of problem was also a 'discriminatidn y 

•with* cons ta'^nt cues, but the' cues might appear in-anyof four positions \ 

Vlthln the noise fields. The location of the cues within the noise fields t 



Figure 1, Positions where cues may appear iri noise 
fields: (a) in discriminations with constant position of 
cues, and (b) in discriminations and relational problems 
with varying position of cues. The squares are noise 
fieldd GJid never appear on the screen • The circles 
iOre positions where cues may {ippear. 
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was unpretllctabie. The third ,^type of problem, with cues changing from 
trial to trial, required the subject to chopse on the basis of "some 
relation between the two cues.' In three relational problems the larger, 
thinner, and flatter shapes were respectively correct . Again, the 
position of the cues within the noiae'fields was unpredictable. In all 
three types of problems the subject, was first taught to^ choose corrQctly 
in the absence of visual noise. VisCial noise was . then superimposed in 
graduated increments after each correfit^ choice, until the subject / 
made an error . Repeated" runs of ascending noise increments yielded sev- 
eral estimates of a subject's capacity for visual noise on eacli type 

of task,* \ • 

•Stimuli . StiJili for the visual task were. of two gen;e'ral ty.pes: 
stimuli making up ^he positive and negative cues for the three types 
of problems, and stimuli making up the visual noise. 

The stimuli making up the positlvd and negative cuen l.n all three 
types of problems had the same general design: each cue cbnsisted of 
two line drawings of shapes, connected by a q^ort line (See Figure 2). 
In the discrimiriatl^ problems each- cue- consisted- of • two different shape 

•selected from a iijrary of eight such shapes. In no discrimination did 
a shape appearing in the positive cue also appear in the negative cue. 
Six discrimination problems were administered to each child: three with 
constant position of cues and three vith varying position. 

There were three relational problems. The first was a size dia- 
crlmination procedure . Both the positive and negative cues were a 
constant pair of shapes differing only in size; the larger cue was 
alvays the positiVe.one. Since the cues might. appear in any of four • 

. ♦ G0323 ■ • 
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eizas, the prc^^^n^etjulred a comparison of the two cues presented on ■ 
each tri,al. . - 

■ . ' ' ' ■ • 

Tlie second relational problem required the subject always to select 
the thinner of two pairs of ^similar shapes. Prom trial to. trial four dif- 
ferent pairs of positive and negative cues were rotated according to a 
random sequence. Thus the shape of J:he relevant cues was unpredictable. 
V .- . In the 'third relational problem the subject had to select the^ " 
flatter of two pairs of similar Shapes Again,' since four sets of cueff 
wer« useai the shape of the relevant- cues vas unpredictable. 

The other general cjass^pf stimuli, tho^e making up the visual noise, 
were used as overlays xd.tH the problems described above'. ' Stimuli for 
the visual noise were constructed from another JLlbrary, consisting of 
12 geometric shapes. These .shapes, also line drawings, were placed ' f 

randomly within two-squar'e areas, so that when an overlay was used with J 

» • - I 

the stimuli for one of the problems:, the noise covered both the pogi- 

tlve and negative cues (See Figure 3). There were /,0 overlajrs, repre- 
senting four examples of each of ten levels.of visual noise. Level 1, 
representing thd absence of visual noise, had no shapes in either square 
area. Levels 2 through 10 had 2, l^, 6, 8, 12, 16, 20, 24, .and 32 shape? 
xn each square area. 

Both the .Etlraull for the three types of tasks and the stimuli for 
the. vlsua^olse were drawn on 5" by 8". sheets of colorless cellulose 
acetate plhstlc framed, in cardboard for ease of handling. The positive 
and negative cues for ^ch trial of, a ■problem appeared on a single sheet 
of pl^t'ic. The visual noise figures were stored in ji box- with ten 
compartments, so that the experimenter .could quicUy select an' example 
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^^Ifixv^o 3. The cuc^ for a discrimination problem with 
different levels of visual noise superimposed: (a) Level 1, 
•or the absence of visual noise, (b) Level 3, and (c) Level lo! 
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of a particular level pf visual noise. 

^ With a Thermof ax 66AG overhead projector, stimuli were projjicted 

onto a 5^ft, by 5 ft^ movie screen, Subjects sat 4 feet |tom the 

screen. When the stimuli were projected onto the screen, the centers 

of the positive and negative cues were about three feet apart. 

Procedure. Each subject was administered nine problems: three 

discriminations vri.th constant position of cues', three discriminations 

with varying position, and three relational problems. Prior to these 

nine piyjblems each subject received an^unaeored practice problem, a 

discrimination with constant position.^ Pilot testing had shown that 

kindergarteners Improve their performance significantly between the ^ 

first} and second problems. The priictice problem was an attempt to 

neujiralize this learning or familiar ization effect, * ' 

The stimuli for the first trial of the practice problem, appeared* 

on the screen. Using a pointer on the transparent plastic on which the 

stimuli Were drawn, the experimenter said: 

Look at the shapes I am pointing to. In this game these 
are the shapes I am thinking of. Sometimes they will be on 
one sidd of the screen, and sometimes on the other side. 
When you find the shapes J am thinking of, point to the 
side of the screen where you see them. 

Tlie stimuli for the second trial then appeared, and the subject pointed 

to one side of the screen. If the subject did noT: seem to understand the 

procedure, the instructions were repeated. Only a fev> subjects had to 

have the inptj^uctions repeatei^ more than once. Tlie stimuli for successive 

trials were then presented until the 'subject reached a criterion of ten 

Consecutive, correct choices. At. this point the experimenter began to 

ouporlmposc overlays of visual nqise .on the stimuli of the discrimination. 

' ^ . 0 0527 
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Starting at Level 2, the level of visual noise vas^. increased by one after 
each correct choice, until the subject made an error. . Depending on' the* 
Bub^ectVy choice, the expQrimeijiter said, "Good,/' or '^Not that t±me\'* 
An error after ;^the initial, criterion, 6t a correct choice at Level 10 
of viGual noise terminated the practicti problem'. Immediately after 
the practice problem the nine scored problems were admi^iistei-ed. 

The .procedure for the six discrimination problems was identical to 
the procedure, for the. practice problem/ eiJicept that only four .consecu- 
tive correct responses i^fere^ required before the additioft ot noise. ^ 

The relational problems began with a different iset of instructions: 

Look at the ^tdpes I am point to.' Notice that they ^ 
look like thci other shapSs, except that they are f 
' bigger (thitiner/f latter) . Your job is cilvays to , 

find the shapes that arc bigger (tiiinner/p^ter) . „ 
lihqtn you £ini3 them, point '^^the sidq^^of^he ^tcreen 
where you see them^ ^Sometimes they will be on one 
side of the screen, and sometimes they will be on^ the 
other side. ^ * • 

• Otherwise the procedure i^a^ the same as for thia^discrimination• problems. 
Throughout the ta^k the* el!Kamples of visual noise were rotated within 

levels: the experimenter always drew an overlay from the left of the 

* t ■ 

appropriate compartment and returned it to the right, the time to 
administer the task ranged from 30 to 40 minutes. . 

Since the experimental design demanded comparison of performance ^ 
the three types of problems, it was important to control for the order 
of their administration. Tliis was especially true because in an 
earlier study (Wiite and Mansfield, 1969)' subjects had shown either 
Improvement or decrement in performance over time* Therefore, the 

<a 

nine problems were al?7ays administered . in three blocks, with each type 



r-nii-"- * of problem represented once in each blitfck. With this constraint of ; \:\ 



jL 



» blocking by type of problem, rIx different orders oi; presentation were 
selected. Thus In the *same block'dif f erent subjects received different 
problems. Eac)1, subject was randomly as^gufid one oi the six orders. 
To Insure that any differences In perfdrpance on the three types of 

. ' ■ ' ' - r r. 

problems would not be due to differences In the particular stimuli used 

as cues, there were two a9.ternate sets of stimuli. Half the subjects 

•* • » 

^ received one set, and half received the other.. For the discrimiliatlon 

#, ■ ' 

proble3ms the two setsNl^dthe positive and negative cues interchanged* 
Pilot testing had fndicated that with visual noise super impof3ed , most 
kindergarten and second grade subjects look only for the positive* cue. 
The alternate sets had different shapes for the relational problem in \ 
which size was relevant. The reader will recall that in this piroblem the 
shape, of the relevant cues did^ not change. But the alternate sets had 
the sam^j stimuli for the other two relational problems, since in these 
problems the cueV^^^^ change from tt'iwl Vo trial. ^ tr 
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Auditory Task - .* 

The auditory task tested the subject's ability to detect a target . ^ 
message through different amounts of auditory noise. The task required 
the subject to point to one of eight fanjiliar objects drawn on a laminated 
sheet of paper before him. The subject wore a set of headphones connected 

\to two^ tape recorders ^nd a stereo amplifier, so. that a signal played ^ 

» * , ■ • • • 

on one tape recorder and noise played on the oGher were mixed by the am- 

{ 

pllfier and sent to both ears, Ifliile a voice const'itutlng the signal told 
the subject successively to po;tnt to different c^bjects, noise, at any of 
^Ight graded Ic^velo of intensity, could be superimposed* The subject 
first pointed to the objects correctly in the absence of noise. Then, 

' 003?9 . 
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After each con ect response, the noise level for the 'next trial vas 
increased by ore, until the gubject made an error. Next, the noise 
,was set at such a high level that hearing the signal was- impossible. 
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Arid after each 
the noise level 
correctly. The 



failure to point to the^ object indicated by the signal, 
was decreased by one^ until the subje?:t 'first ]^binted" 
procedure was repeated five tiines. at eacli of tliree levels 



of 83Cgnal volume, so that at each level fiye ascending and five descend- 



ing estimates o 
Apparatus , 



f Jthe subject '15' threshoid'f or noise were obtained. 
Both the subj ect and ,;tKe experimenter wor e Realistic 



Model 33-195 headphones. The subject (s^eadphones we^pe connected to a 



Realistic Model 



SAIOOB stereo amplit ieA, which mixed the outputs from 



Stimuli; T 



stimuli to whic 



two Realisti^t Model 505 tape rec6:^r^, . One cTf the ^ tape recorders played 
the signal, and! the other played the noise. Since the experimenter a;Lways 
had. to hear the signal, his headphones were connected only to the output 
of the tape recorder playing the signal. Thus the experimenter never ' 
heard the noises 

\e auditory task used two kinds^ of stimuli:^ the visual 
I'the subjects pointed, and the auditory stimuli making 
up signal and noise. The visual stimuli were colored line drawings of - 
eighty familiar (|)bjects: a bell, a boat / a isock, a clovm, an apple, a 
wagon, a pencil,,tand a turtle. Since these objects appear very early in 
the Peabody Picl[ure Vocabulary Test, in a section normally administered 
'only to three-yciar-olds and^ retardates, ft seemed reasonable to assume ^ 
-'that the objects; would be familiar to all kindergarten and second grade 
subjects in theipresent study. The eight objects, each drawn on a 
i 3/4" by.i.3/4'r squkre of paper, were mounted on an 8 1/2" by 11" piece 



of white paper, sop that wheii this paper x^as placed horizontally In 

w , • • , • ' ■ ^' . 

front ^of the subject, Other e^^were' two rows of four objects, For protec- 

' ' ' ■ ' — ' ' ' ■ ' ♦ 

tlon of the stimuli, the 'papet was laminated with 'transparent plastic. 

Th6 auditory stimuli fiiakihgi.,up the signal consl^t.^ of the names of. 

■ r ' ■ 

the eight familiar objects.. Half of ^he names had two syllables; half 
had one syllable, AltAiough the Hclmes were probsrbly not equally dls-j 
crimlnable from each other, there were no easily conf usable pairs of \ ... 
names.' A tape recording, of a male voice successively, told the subject 
to point to different objects: "Point to the apple, point to the . 
clown, point to the boat...." Each bbject occurred equally often, and 
the same object never occurred twice in succession. ,The latter condi- 
tlon was. necessary because pretesting had indicated that youngs childr^ 

. •• /• • ' * : . : ^. 

tend to keep their finger on one object until th^y hear the signal voice 

indicate another object. To insure a relatively uniform frequency of 

' a . . . ■ ■ ■ '" ' ^ ' .-^ ■ ' ■ ' . ■ ■ 

occurrence 6f each object throughout the signal tape, objects were selec- ' 

■ * , # 

ted for the tape in blocks of aight, with. each object occurring once in 
each block. Within eaich .bjock, however, the order of appearance of the^ 
eight objects wa;5 'different. Every five seconds ther^e vas an instruc- 
tlon to point to a new object. And there were always at^least three 
seconds between the end of one instruction and the beginning of the ^ 
neyt. Pretesting had indicated that in the absence of noise mo^st kinder*- 
garten children required less than^one second to poin^t to the correct 
object, if they had previously named each ohj>ect and pointed to it three 
times. Whe\]i noise was superimposed over the signal, choicls often took 
longer, "since lack of cerlfalnty forced the subject to decide between two 
or more alternative^ However, the interval between instructions could not 
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be too long, o): younger subjects were^ likely to lose interest in th^ 
task. In recording the tape > an attempC^^uas made to maintain a constant 
level of loudness throughout the tape. . . • . 

The noise stimuli to be superimposed ovef the signal x^ere intended', 
to maximally iTtasking, To mask the signal consistently, the noise had to^ 
be continuous, v/lthotit the pauses occur r.ing throughout nprmai speech. 
Thus a mixturd of several voices was necessary. But the quality of the 
noise had to be similar to that of the signals A very/large number of 
voices mixe4; together sounds like white noise, and therefore does not 
mask as effectively as a smaller number of voices* , Experimentation 
suggested that the best mask of the signal^ was a small number of male 
voices mixed together. To make the noise tape, then, a male voice 
simultaneously recorded the same messaf&'pn two tape recorders. The 
message }£as a passage from a textbook on child development, and contained 
none of the eight names used as auditory stimuli^' on the signal tape. The 
two ta^es^^were^heri rewound and set to play back slightly out of syn- 
chronization. When the outputs of the two tape recorders were^ connected 
to the input of the ster<?o amplifier, the mixed output of the amplifier 
iifas recorded on a third tape recorder . After this process was repeated, 
there were two tapes, each^with two voices mixed. These two tapes were . 
then similarly mixed .to make the actual noise tape, with 'four mixed 



voices. .Each voice was the saiffejmale voice that had recorded the signdl 
tape. • Although it was possible to identify occasional wxnrds on the noise 
tape, it was impossible to follow any individual voice. 

Since ascending and deacending method of limits procedures were to 
b6 used to test a subject's (ability to respond to a target message 



a'gaiijst different Intensities of noii^e, it. was necessary to define a 
number of levels of intensity of noise • Although the tape recorder 
playing the noise had a volume scale, calibrated from 0 to 10, it was 
not^clear that this- was an interval scale; equal increments of volume at 
different points on the scale might result in unequal increases- in per- 
ceived intensity. Eurthermore,, wit4i the apparatus connected as in the. 
present experiment, it was apparent that the characteristics of the ^ 
volume scales on both tape recorders depended on the vblume and balance 
/settings for the stereo Amplifier. For fixed settings of the stereo 
.amplifier, the volume scale of the tape recorder playing noise x^as ^ 
recalibrated into an interval scale vlth eight levels. 

The rescaling required a separate experiment, that was administered 
to five adult subjects. At different -settings of the volume control, 
these subjects listened to the' nois.e tape, and, as the. noise was turnjsd 
do>m, judged when the perceived Toadness was half^ the original level* 
Prom these. judgments it was possible to mark of f ah equal Interval scale 
for the volume control. The scaling experiment is described in detail 
in Appendix A. ' 

Procedure . To familiarize subjects with the visual stimuli and 
tfielr names, there was a pretralnlng period-, occurring immediately before 
the actual auditory task, ^he experimenter pointed to and nameii each of • 
■the eight pictures. The subject was then asked to do" the saitie thing. 
If the subject hesitated in naming any of the pictures, the experimenter 
jupplied the name immediately. Afterwards, the experimenter pointed to 
any pictures the subject had not named and asked the subject to name them. 
AIX subjects, except' threo kindergarteners, were able to name all the 
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pictures the first time through the series. No subject had to go . |. 

through the series moffe than twice;. Next, selecting pictures randomly, . |- 
the expetiineitter Instrueted the^subjept: "Point to the ^pjile* Point to , | 

the clown r Point to the boat. • Tliis procedure co^ntinued until the 
subject had pointed to each picture three times. . 

Tlien the avuJitory task,. began.. Exi^laining the zysparatus and task, the 

experimenter said: . . ' ^ ^ • 

Now we .arc going to play another pointing game. Tliese 
are headphones. (Tlie experimenter pointed to the two 
V sets of headphones.) You will wear one set, and I will 

wear the other. . Tliis time the voice telling you what - t 

to point to will come from the 'tape recorder* (The 
experimenter pointed to one of the tape recorders.) >^ 
\7henever you bear the yoice> poiAt to what it says-. 
Sometimes it will be hard to' hear what the voice says, 
^ • . because you will also hear some lioise that sounds like. 

' a lot of men talking together. Sometimes the ncasfe 

will be so loud that . you cannot hear what tKe voice- . . 

• says ^to point to. But listen hard, because sometimes, 
even when the noise is loud, you will be able to hear 
what the voice says to point to. . • • 

The experimenter then put the Subject's headphones in place, arid put on 

, his own headphones. With the "signal" airfd "noise" volume controls set 

at 2 and 0, respectively; both tape recorders were turned on. llius 

the subject heaifd only the signal^tape. After he had pointed correctly 

five times, noise was gradually added. Beginning at Lev^l 1, the 

* * *• 
noise level was increased by one after each correct response, until : \ 

' ' ' ' 

the subject made an error. Subjects Roint-ed correctly only at ' ^ | 

•Levels 1 and 2. When the subject made an. error, the^level of noise } 

i 

f 

present on the last trial before the error was recorded, and a descend- 
Ing series was then begun. Since pretesting had shown that adult sub- \ 
jects were unable to hear the signal viith t|ie noise at Level 3, the descend- j 
ing scries* was begun at\evel 3 of noise. After each* failure to point correctly, 
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the level of noise wias decreased by one, until the sutject pointed 
correctly, and the levea of noise present ort that trial was recorded. 
The procedure was Xepeated until the subject had completed five ascend- 
ing and five descending series, , 

Next thQ signal was set to 4' > f ten more alternating ascending 
and desceftding series. The pirocedure was similar to that for the ^irst 
ten series, but with the signal volume set to 4 descending series 
^began \AX\\ the noise at Level 6 • 

When the second .ten series Were completed, the signal was set to 6 , 
for the last ten series • Again, the method of limits procedure was the 
same, but the descending series. began ,with^ noise at Level 8. » 

Thus'at each o/ three levels of signal volume there were five 
ascending a:nd fiv(^ descending estimates of a subject*^ s ability ^^to detect 
a target message through noise^ . • 



Results 

The results for the visual task are presented first. The effects on 
performanc-e of age level; sex, and type of probfem gre analyzed. Another 
analysis considers the effects of age level and sex on changes in per- « 
forraance over the three blocks of problems. Next, PPVT IQ scores are 
. presented, and the performance of high-<Bnd low-^ subjects on the 
visual task is analyzed. The results for the auditory task follow. 
Groups high and low in auditory performance are compared on the visual 
task. Finally, a correlational analysis is used as a different approach 
to the analy?5is of the relations between the variables of the study. 

Visual Task ^ . • . . 

yit will be recalled that subjects learned to respond correctly on 
each visual problem before noise was added. The noise level was then in- 
creased until the subject either made an error or chose correctly at 

• • • ■ * • 

^ Itevel 10 of noise. The highest noise level at which the subject 

responded correctly was taken as an estimate of the subject's capacity 

for noise. Thus there were:^nine estimates, corresponding to the nine 

problems. It will be remembered that the problems were of three types'; 

■ ». 

simple discriminations, discriminations with varying position, and 

. fk ■ ' 

relational problems, also with varying position. For each type of 
problem there were three estimates of a subject's capacity for noise. 
The average of these .estimates was a subject's score for that type of 
problem. Table 1 shows the scores for kindergarten and second grade boys 



Er|c . ■ • 0 0336 



Tal)le 1 



Mean Scores on ^Visual Task: By Probleins . 
Grade Level, and Sex 



, Group 




y • '• 

Uype of probleih , 




]5iscrim. ; 

constant 

position 


Discrim. ; 
varj'ing 
position 


Relational;. 

vaiying , 
position \ 


r 


• Kindergarten 








Boys 


7.2 


7.0 


' 5.3 


' Girls 


7.8 • 
♦ 


6.8 


1|'.9 ■ " 


Second Grade 

■WW,' 




i 




^ • Boys 




• 9.3 


7.6 


Girls 


9.3 


9.0 


7.0 


r 


• 

1 
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and girls -on the three types of problems, . . 
Y A thr-ec-way analysis of variance was performed, v?itli sex of eu^iject 
and fitade level as. betV7een-s5ubjects effects, and type of problem as a 

wlthin-subjects effect (iindquist, 1953), The main effect of prade level 

■ ■■ ■ . ' ' '- ,■ ■ ■■ ■ i- ■ ' 

was (Significant (F » 41.5; p<*01), as was the main effect of type of 

problem (P « 32.0; p< .01). Thus second graders performed better than 

. ' . ^ ■ ■ ■ ■ 

kinderBarteners, and the three types of proj^lems did produce different 

'J 

* levels of performance* 

The order of difficulty of the three types of problems was es^amined 
by testing for differences between means for the thretf types of problems-. 
The diffi^rence in performance on the two types of discrimination problems 

* was not -significant for second graders, biit almost reached significance 
for kindergarteners (t « 1.63; p « .07, one--tailed) • Thus Varying the 
position of the cues in the noise fields had no effect on the performance 
of second gr.aders, but tended to lower the performance of kindergarteners 
For the two types of problems with varying posli:ion there was a marked 
difference in performance. The relational problems v;ere more difficult, 
both for kindergarteners (t « 6.34; p < .001, " two-tailed) ahd for second 

. gradprs-Ct ° 4.83; p< .001, two-tailed). 

- In the analysis of variance described' above> sex of subject was not 
significant, and there were no significant interaction' effects. An 

. Interaction had been predicted* between the effects oi^ grade leyel and 
type of problem. It was expected that kindergarteners would perform ^ 
almost as well as second graders on the discrimination problems but much 
wore poorly on the relational problems. Despite the failure to find a . 
Blgnlficant interaction between the effects of grade level and type of 
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problem, the ptedictlon was not necesBarily disconfirmed. A problem in 
the scaling of the visual nol.se levels complicated the inuerpretatioitef ' 
the interaction. The scaling problem'will be discussed latere' 

. The next section of the analysis for the visual ttfsk considered 
changes in performance over time. Examination of Individual protocols 
showed that performance improved ov^r time for some subjects, but 
declined for others. Table 2 shows' the' mean scores for 'each of the three . 
blocks of problem^,. Another three^^^y^lysis" of variance was performed, 
this time, with sex of subject and grade level as between-subjects effects 
and blocks as a withit>-^subjects effect (lindquist. 1953). The main effect 
of blocks was significant (F - 6.A6; p <i ,01) A' subsequent t-test showed 
that there was a significant difference in performance between Blocks X 
and II»(t » 7.70; p< .001, 2-tailed), There was. no significant differ- 
ence in performance betw6en Blocks -II ^nd III. .Thus the effect of blocks 
vas'due primarily 'to improvement between the^f^rst and second blocks. 
The analysis of variance did not find significant interactions between 
the effect of blocks and the. effects of either grade level or sex. Nor 
vas the triple interaction between blocks, sex, and grade level signifi- 
cant. Thus the improvement between the first two blocks was unrelated . 
to grade level or sex. 

PPVT IQ and Performance on Visual Task 

. According to the test manual (Dunn, 1965) raw scores on the PPVT Vere 
transformed to IQ scores. Table 3 presents the it>eans and standard devia- 
tions ,for these IQ scores. Boys had higher scores than girls, both at the 
kindergarten level (t' 4 5.37; p< ioOl) and at the second grade level 



Table 2 



Mean Scores on Visual TaskJ By Blocks, 
Grade Level, and Sex - 



'^'^^-^ Group 




Blocks 








' IT 


•III 


'-■■> • V 








T 


Kindergarten ^ 










> , ^ Boys * . 


, 5.8 ' ' 


6.8 




6.9 


Girls 


6.3 


. ■ 6.5 • 




6'.7 












Second Grade 










?loys 


8.2 


9.1 




8.8 


^ Girls 


8.a/ 


. 8.6 ' 




8.5 
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. Table 3 



Moans and Standard Deviations 
of PPVT IQ Scores 



Group 


N 


Mean ' 


? — ~ - ' 

. S. D. , 




Kindergarten 








Boys 




118.6 


y . 15.3 


Girls 




10C).-9 


9.8 


Second Grade 






0 ' 


Boys 


15 


U1.3 


13.9 


Girls 


15 


101. h 

i 


17. k 



m 

#■ 
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(t " 2.53; p< .02). This iex difference waa not anticipated,, and no 
explanation is offered for it. 

To analyze the relationship between PPVT IQ and differential per- 
fonnance on 'the three t^pes of problems of Che visual -task,, the kinder- 
garten set of IQ.. scares and the second grade set were each divided at 



their median, so that^^each grade level there 'were equal high- and low- 
IQ subgroups.. Table A. shows the mean scores of 'these groups 6n the throe 
types of visual problems. A three-way anal^ls of variance t^&ted the 
effects of grade level, 'iQ^ and type of problem on visual noise threshold. 
Gradcj^evel and IQ were treated as between-subjects effects, and type of 



- IV 

. r;' 

i 

\ ■ 
t 

I 
J. 

* i 

"I 
5 

»< 
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'problem as a wi thin-sub jecCs effect (lindquist, 1953), Previously, the 
. effects of grade level.and type of problemhad been found to be signifl- . 
^ant. The present analysia^of variance demonstrated a significant effect . | 

of IQ (F « 6.61; p< .05). Further analysis showed that this effept of = | 

IQ was significant at the kindergarten level (F - 7.16; p < .05), but not ; | 
at the second grade level (F « 1,60; n.s.). Only at the kindergarten 

level did high-IQ subjects perform significantly better than low-IQ : | 

• * • * 

subjects. Inspection of Table A suggests whylQ was. not related to visual 
. performance among second graders, '^or each visual prdblem the highest 
possible score was 10. ' Bixt on the t^o types of discrimination problems 
the average scores of both high- and low-IQ second, graders were between 
9 and 10,* Since most second graders could cope with, the highest levels . 
of visual noise on the discrimination problems, there was little varl.-* 
ability in performance, and the scores were unrelated^ to IQ. 

The analysis of variance found no signlf leant simple interaction • 
effects. An interaction had been predicted between the effect's of IQ 
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Table U 



Mean Scores on,yisual Tack: By Problems,, 
Grade Level, and IQ 







• 

Type 6f problem 




Group 


^^JBascrim. ; 
constant 


1 TV J ^ ^ J ^ 

;Biscrijn, ; 
varying 
Tiositlon 


Relational; 
varying ' 
position 




1 






Kindergarten 








• High IQ 


8.2 


7.7 ■ 


5.1* *• 


• Low IQ 


' ' 6.8 


. 6.2 


1».8 


Second Grade 




^ . 9.3' 




High IQ 


9.3. 




. 8.0 ■ 


* Low IQ 


9.3 


9.0 


6.7 


f 
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and type of probl 



37. 



m. Under this hypothesis the scores of high- and 
34|W-IQ mibjects ,had been expected to differ more on the relational 



problms thatv|gji'%^i^ the two types of discrimljjtation problems • It, 

*V7as . as$umed thSt l:he effect of IQ vjc^uld be grea^t^i^^^^fem^ than 
on the discrimination problems. The failure to find the simple intei;;actioti" 
betweenr IQ and tyij^e of problem meant that the prediction did not hold^Tbr 

the subjects as a !whole»* " 

..'.■'4- . * ■ ■ , ■ ♦ \ ^ / ^ " . . 

• llowevet, the analysis of variance did show a significant triple 

: ■ ■ . ■ . ■ X 

, interaction between the' ef fects of grade level , IQ, ai^ji type of problem 
•;(F « 3.16; p< .05)\ The meaning of thef triple ijiferaction was that the - 
prediction outlined above held for second graders but not for l^irider- 
garteners. To analyze, the triple interacTtion, first cc^^feer^he scores 
for kind ergartenerp in* Table 4* N^ce the difference between the high- 
and low-IQ groups jon each type.-6f probl^i^ the simple discrimination 
ptroblems this difference y4s 1.4, «nd for the discriminations with varying- 
position it was l.js. But ^^So^^^t]^ relational problems the difference was 

... • ■ ■ r / " 

only 0.6^ Thus kindergarteners IQ had a^much greater effect on the 
discri,minati,oh ])rol!)lems than on the relational problems. Now consider 
the second grade scores. Again, observe the difference between 'the high- 
and lo\7-IQ groups cin, each, type of problem. >Tliere was no difference on- 
the simple discriminations, and on the discriminations with varying 
position the difference was only 0.3. But on the relational problems ' 
the^dif f erence was 1.3. Thus for second gra,ders IQ had a greater effect 
on the relational problems tlian on the discrimination problems. 

Any conclusions about the triple interaction should be very tentative.- 
High-IQ and low-IQ second grad«:^s did not differ on the discrimination 
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p.oU-.: • Bo«, .roup. „ore abU,« .op. the M^he^. .-els of - , 

vlsual noise uae. on rtese pro.le^s. TVo interpretations w.re possi>=H, 
:««'£irat'»as t„at «fas a«e level H, reiUy -.nrelatea par.o^an^ 
o„^th/dl.orl.ttolon problems. A second possibility ^s- that, the^l^T 
tion or IQ to aiscri.inatlon. p'erformance „as obscured b, the' cellin, on 
■p.sslb,e ^ore. .or,,he discrimination: problems. >atb additional, denser 
^i^l^ of «rtal «olse.higb..and lo„-I« second .graders .l.Kt have differed 
Sn the discrinination problems. The data provided no .cans of deciding 
a,.„een the alternai^ interpretations; Furthermore, tha triple int- 
aCtlon.«as sensitive to the scaling probIe« ■nentloned earlier. M the 
Mndergartcn level' the failure to fl,^' the Interaction betve.n the effects ■ 
of IQ and type 'of prohlem on visuai noise threshoia could have been due 

in the scale of noise leyels. -The scaling problem Is dif- 
to unfevenness in the scaie uj. 



cussed later. 




The principal result of this analysis of variance, then. „as that the 
hlgh-lQ. groups m'bpth Uindergarten.and second gr'ade performed better than, 
the lo„-IQ groups on ihe visual tasK. While It had'been predicted that 
■•the difference bet„een the scores of the high- and lo„-IQ groups would . 
■ he greater on th. rclatioWl problems than on the discrimination problems. 

';;he'pr.edlctlon held only for. second graders. ' ^ ■ _ 

- ' The ne.t analysis tested whether changes, over" ti»e In perf ormanee4>n 
. the visual tasR wer. related -to IQ.'. Table ? shows the mean thresholds _ 

the high- and lo„-IQ klndergartners and second graders.for. thethree 
, hloeUs of problems.. In a t«ree-way analysis of variance IQ and grade 
• l^el vete treated' as between-subjecta effects and blocks as a within. 

■ „./^.t 19531 Nelther-.the staple interaction between 

subjects effect atndqulst.,l95J). neitiii. t 
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Mean 


Scores on Visual Task: By Blocks,, • 
Grade- Level, and IQ • . 
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blocP^ and IQ, nor the triple Unterattiort betvecn blocks, IQ, and grade 

.- = • « ■ ■ ■ ■ •■ . 

level was significant* Thus changes per^rm^e over time on thd 
visual task were unrelated to IQ. ' 

At this point a suntmary of the results for the , visual task is appro- 
priate. Visual noise thresholds differed significantly for the three 
types of problems. For kindergarteners, but not for second graders, the 
discriminations with varying position vzere mote difficult than the dis*- 
criminations without varying: position^ , And at both gr.ade levels the 
relatlanal problems were more difficult than the dis'ferimination problems. 
Throughput the visual task second graders performed at higher levels 
than kindergarteners. VJhen subjects at each gr^de level were divided in- 
to high- and low-IQ subgroups, *t:he high-IQ group at each grade level had 
higher thresholds for noise tlian did the low-IQ grou^. But among second 
graders the. hlgh-IQ group was , superioi: to the low-IQ group only on the 
relational problems. Finally, there -was a general tendency for improve- 
ment in* performance between the first and second blocks of problems. 

This dLmproveraent occurred regardless of sex, grade levelT^or IQ. 
f , • . . • 

f ' . 

t- . •% • 

Auditory Task . 

On the auditory ta,slc, it will be recalled, subjects were required to 
point to the pictures indicated by a male voice. This voice Was masked 
by different intensities of noise. On ascending runs the voice was first 
presented without notse. The intensity of the noise was then raised in 
graduated increments, until the subject did not point correctly. On 
descendlmg runs the voice .was at first completely masked by the noise, 
the intensity of which v;as then decreased by graduated amounts, until the 



AO. 



: ■ s^^^ pointed correctly. -For both accending and descending runs a- ■ 
. • subj.ect's score was the highest noise level at which he pointed correctlx. - , 

• Because of the differerit consequences oi errors in the two types of runs, 
'the scores'' derived from deatending runs wei:o generally higher -than those 
derived- from ascending runs. An error due to momentary inattention early 

■ in an ascending run terminated that run^ even though the subject might . 

'">■■». . ^ ^ 

have beeh able to respond correctly under much higher noise levels. If 

- a subject made an error early in a descending run, he always had another 

change to respond at the next lowest noise level/ , . 

For each level of signal volume ^subject's average score was com- 
". puted. Scores from ascending and descendiiag runs were pooled. .- Table 6 } ^ 

presents th^mean scores for kindergarten and second grade boys a^d 
sgirls. Clearly, the higher the signal volume, the more noise was needed . 
to mask the signal. But the different lev&ls of signal volume did not 

constitute conceptually different conditions. It seemed reasonable to 

, ' " / ■ ' . ■ 

■ assume that the same ability to detect a sign^ message through noise 

being measured at each level of signal volume. Therefore, the three 
scores' for each ^ubject were combined. For each level of jsignal volume 
the. scores of the sixty 'subjects were placed in one distribution. With 
this distribution as a base, the scores were transformed to T scores. 
'Thus each subject had three T scores, representing performance at each 
level 'df signal volume, and the mean of these T scores was an index of 
his overall perform^ce on the auditory task. 

•Table 7 presents the overall scores for kindergarten and second grade 
boys and girls. A high scb're indicated superior ability to detect a 
.signal through noise. As expected, second graders were suptsrior to , 
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Mean Thresholds on Auditory Task 
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Level of signal voiuine ^ 
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.Kinddrgai'ten 








Boys 




# 2.2 


3. It 


Girls 




1.7 
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3.0 


Second Gradfe . 








• Boys 
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Girls 
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Table 7 



Means of Overall Auditory Scores 



Grade level 


' Boys 


N. 


Girls 


N ^ 


Kindergarten 


I18.I 


15' 


li2.7 


15 


Second grade ' 




15 




15 
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V • , ,^ 34 3- 'd^ .001). liojrs "ere superior -to sli-'ls 

' klndorgorteners (t .-: 31. J. ■p'-^'^j'-/- J . _ 

, ,f - 7 1- .001), but not at "the second r.rade level 
Ulnderaartcn level-Ct = 7.1, p.i.^.""f'' 

(t, 1.2; n.s.). The W difference in Undersarteners, It win be 
rJe^bered. >«a associated with an IQ dlCference tavorlns the boys.. The 
io« correlation between ,IQ and overall auditory, score (r - .«! «•••> 

■ could not explain the -se... ditference. tor .the correlation between se... 

' , and overall auditory score was »uch higher tr .,^6; ^n.s.). The se. dif- 
. ■• ference in the auditory per£„r,.ance of Mndergarteners was not antici- 
pated, and no explanation is offered £or it. 
; Thcnext section of the analysis of results investlEated a possible 
• relationship .between perforip^ce on the aadito.ry and visual tasks. The 
asu^ptlon^as t.« so^^l^icess ,»i8ht facilitate both auditory and 

■ Visual selective attention. At each grade level groups high and low In . 
- ■ audltory-ablllty were created by dlvidln, the overall auditory scores 

„t the median. Table 8 shows the perfonnance of these high and low 
'■ . ■ auditory groups on. the visual task. An analysis of variance te.ted the 

effects of auditory ability, grade level, and .tyP» of .xd.sual problo on 
• visual noise ihr'eshold. Auditory ability and grade level were between- 

eubjects effects , while type of visual problem was a wlthln^subjdcts e£- 

■ fact (Undculst, 1953). The «ln effect of auditory ability was not 

: . significant. However, the Interaction between auditory ability and grade 
level was significant (F = 5.04; p< .025). The Interaction was primarily 
due to the significant sl^le effect of auditory ability at the kinder- 
garten level (F = 5.17, P < .05)! Auditory and visual performance were 

■ positively routed only at the .kindergarten level. It will be recalled 
rtat at the second grade level visual performance was close to a celling. 
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Table 8 



Mean Scores on Visual Tafsk:^ By Problems, 

r 

Grade Level,. and Auditory Perfonmance 





Type of problem 




Discrim. ; ^ 


Discrim.' ; 


^ Relational; 


constant 


^ varying 


varying 


position 


position 


position 



Group 



Kindergarten 
High aud. 


8.2 


7.3 


5.1« 




\ 

i ^>!;- 

> ."»' • 


Low aud. * . 


6.7 


6.5 


l4.8 




1 ?^ 
f 


^ Second Grade 








V 


^ % 


High aud. 


9.2 


8.9 


7.1 




■ 


Low aud.' 


• 9.^ 


9.l4 


7.6 







r 
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Thus visual performance was unlikely to be positively related to per- 
fprmance on any other task. * 



vGorrelntjLonal Analysis 

\^ ' - 

As another, approach to the Inter-relatlonships among the variables' 

of the study, a correlational analysis was perfonned. Pearson product- 

f ^ 

moment cprrelations were computed for the following variables: mean 

performance on the three blocks of the visual task, PPVT IQ, overall 
auditory score, and sex% of subject. , The results for the kindergarteners 

appear in Table 9, and those for second graders in Table 10. 

■ ' ■ . ■ ■ ^ 

- The contrast between correlations for kindergarteners and correla- 
tlohs for second graders Is enlightening. For kindergarteners, but not 
for ficicond graders, the three visual problems Were inter-correlated sig- 
nificantly. \flille for kindergarteners IQ was correlated positively, al- 
though not significantly, v;ith all three'types of visual problems, for 
second graders IQ was'posd^tively correlated onl^: \d.th the relational 
•problems. These results were consistent with the earlier observation 

that second graders reached a celling of performance on the two types of 
t 

discrimination problems. ' , • 

The correlation between IQ and visual performance increased on succes- 
sive blocks for kindergarteners, but decreased on successive blocks for 
. second ^^l^^crs. Apparently, as the klndergartener-s became more familiar 
vith the visual ta6k, they reached a level of performance commensurate 
with their ability. In second graders, however, familiarization with the 
visual task pushed performance closer to the celling on each successive 
block, so that the relation of visual scores to IQ declined over time. 
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Table 9 



Correlati-ons Among Variables 



*p<.05 
**p<.01 





for Kindergarten Subjects 










■Variable no. 


Variable 


1 2 3 ^ 5 

I'l.f 


'6 t 


8 ^ 


9 ■ 


• 

1 Tj*? QfTitn. 1 Gons'tan't 


'\ .52*^ ••5*+** -67^* -72** 


.62** .26 




• xo 


position 


• 






* 

-.06 ' 


jjiscnnif y V.Ul • ^ 1 


. .60** .70** .73** 


.61** .36 


.12 


position 












• . .66** .79** 


.62** .18 


-.IX 


-.12 


3* nexaoiOnaX) yoj.. 












-;i6 




*t • DXOCK J. mean 


' .62^* 


.3U .16 


.12 








p, I5X0CK XX uieaii ^ 




.52** .25 


.02 


-.07. 












.37* 


.UO* 


-:o7 


6* Block III mean 
















.18 


-.33 


7. PPVT IQ 


s , ^ 










,/ ■ 








»8. Overall aud,. 










score 

w 










9. Sex (M=l/F=2) 






* 





■t I ' 



{ • 



I 
I 

I 
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{Table ICL- 



Correlations Among .Variables 
for Second Grade Subjects 



Variable 



1. Discrjin. ; constant* 

position 

2. DisViw* i v^^* 

position 

/ 

3. Relational; vQrl*. 

position / 

h. Block I mean 



5. Block II mean 

6. Block III Kiean 

7. PPVT IQ 

8. Overall aUa. . 

score 

9. Sex (M=l/K=2) 



1^ 



Variable no. 



"5. -6 



.2h -.02 .25° .16 .39* -.01 -.15 _ .03 
.23 .37* M* .51** .18. .1*14* -.16 
.65** .62** .70** .50**-. 15 -.l^*" 
.11 .142* .1»6* -.16 -.01 
.51** .30 -.1(2* -.22 
.23 -.16 -.l'» 
.13 -.13 
• .03 



*p/. .05 
*»p< .01 
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The correlauiona between IQ and. the three types ,,of visual problems 
supported the results of earlier analyses. For kindernarteners these 
correlations were positive but low, suggesting that visual performance 
was jpartly independent of IQ. For second graders, on the other hand, 
the^e Appeai/ed to be no correlation between IQ and either type of di;3-. 
criminal- ioi^ problem. Once again, the probably cause was that second 
graders performed so close to a ceiling on the dis&riinination problems 
that their scores were meaningless. Onl^' performance on the relatidnal 
prpblcms was-positively' related "to IQ. Of the thrl^ types of "visual 
problems, the relational ones correlated most highly with IQ in second 
graders, but least highly with IQ in kindergarteners. This finding was 
consistent with the tripl^T^iteraction found earlier, between the 
effects of IQ^. grade level, and type of visual problem. At 'the 1<inder- 
garten level the correlation between IQ and performance on the relational 
l>roblems (r ° .18; n.s.) was unexpectedly low, especially when compared 
with the same correlation at the second grade level (r « .50; p^ .01). 
But the low correlation for. kindergarteners may have been another result 
of the^ problem i^n the scaling of the visual noise levels. 

The correlations of auditory performance with visual performance 
v;ere generally low and inconsistent. Consider first the correlajtiong 
for kindergarteners. Qprrelations of the auditory measure^with the two 
types of discrimination problems v;ere positiv(r but l(jw, and not signifi- 
cant. However, these correlations must* have been responsible for the 
simple effect of auditory ability on visual noise threshold found 
earlier. For performance on the auditory task was not positively cor- 
related* with performance on the relational problems. 



Nov; consider :(:ha correlations for cecond graders... The cotrcla- 
tlons of thti auditory meitsure v;ith the tv;6 types of discrimination 
problems were negative. However, these correlations were probably 
meaninffiess, pince the 'second graders scored close to the ceiiihg on 
both types of discrimination problems. The correlation of the auditory * 
measure with the relational problems was also negative /r " -•15; n.s.), 
but too low to require explanation. Thus thertf was no evidence that 
' visual and auditory performance were polsitlvely related at -the cecon.d» 
grade level, ^ 

The correlations between the auditory measure and IQ were low but 
positive, both for kindfergarteners (r « .18; n.s.) and for second graders 
(r «^ ♦iSj n.s.). Thus there was some slight evidence that IQ affected 
performance on the auditory task. * \. 

m 

The correlations of sex with otli«r variables were consistent with the 
sex differences reported earlier. .In kindergar/zci^ers sex was unrelated 
to* performance on the three types 'of visual problems. The correlation 
of sex with IQ (r « ".33; n.s.) was consistent with the superiority of « 
the boys reported earlier. ••And the correlation of sex with auditory p-er- 
forraance'(r -^-.36; n.s.) was consistent witlj the boys' superiority re- 
ported earlier for the auditory task. At the second grade level the 
correlational analysis demonstratjfti that sex was unrelated to visual per- 
formance, auditory performance, and IQ. • * 

In summary, the correlational analysis corroborated the results of 
the earlier analyses. There waa some evidence that lU was positively 
related to visual performance at both grade levels. ^ In kindergarteners 
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J 



IQ was .correlated. mo.re highly with the dl?5crimination problems than with 

the relational pfoblents. ^In second graders , however , IQ was positively, 

■ '■■ ' ■ ■ ■ " ^ ' ^ 

correlated only \d.th perfonnance on the relational problems • Auditory, 

* . ' • " . . , ' ■»■■.■ 

performance: was positively correlated with visual performance only at 

the kindergarten ^evei and only for the discrimination problows. And 

the correlations between IQ and auditor;? performance v?ere positive but 



low at both age levels, 

' " 4 ■ 
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Discussion 



Visual Task 



w "* p *. ■ 

The'results/suggested an improvement v/ith age In the ability to cope 
with visual noise. Second graders were consistently able- to cope with 
higher levels of noise than kindergarUei^ers • Furthermore, the disrup- 
tive efffect ojf noise depended on the difficulty of the underlying 
problem. At both grade levels performance on the relational problems 
was Hiore easily disrupted /by noise than performance on the discriraina- * 
tlons. . The greater difficulty of "the relational problems was probably 
due to the' need to locate and compare both relevant cues . In the dis- 
criminations, varying the position of presentation of the relevant cues 
resulted in slightly lowered; scores for kindergarteners'," but had no 
.effect on second graders V scores . * The varying pbsition condition un- 
doubtedly lengthened search time at bot1i grade levels. And with- longer 
- search time, kindergarteners may have been more^Likely to forget the 
relevant cues. 

There was also evidence that the ability to cope with vis.ual noise 
^ was related to IQ,;^as tested by thA PPVT. Amoiig the kindergarteners 

: n&ise levels 



high-rq subjects co'ped with^liigher 



all three types of visual pr&blems. An unexpected result was that the 
superlori(f:y of the high-IC\ subjects was more apparent on the discrimina- 
tions than. on the relational problems. Among secbnd graders the high-IQ 
subjects were superior to*"the low-IQ subjects only on t]^ relational 



than low-IQ subjects on- 



oroblefea. However, since tlie second graders at 

-ERIC ^ V ' 00' 



tained maximal scores on 



the dljjcrlrainatlon proMems, these fscorcs- vere not liKely to be re--> 
la ted to IQ. 

"i5ecau3e of certqln technical problems to be discussed later, all 
these results must be accepted somev/hat te^atively. A problem in the*" 
scaling of the visual noise leyels complicatecT the interpretation of 
differential performance by different groups on the three types of visual 
problems. , 

. Wiiie the study suggested 'that the ability to cope with visual noise 
in probtem solving was related to age and IQ, no attempt was made to 
determine v;hat processes were involved in the ability. However, some 

speculation is possible. First , the^nolse may have interfered with the 

^ . - - ■ ■ ' ■ '^j" 

memory for the relevant shapes. Observation suggested that the inter- 

• f ^ ' 

ference was greater on the discis^minations than on the relational" prob^ 

lems. On the Relational problems, all that hSd to be remembered from 

■ ■ ■ * jt 

trial to trial was a verbal concept: "larger^** "thinner,*' or "flatter." 

• - . ' * . 

It was probably easier to remember a verbal concept than a particular 

pair^of shapes. IThile kindergarteners often reported forgetting the 
target shapes, ^ijch lapses of memory were much rarer in second graders. 

AijOther process involved-^n coping with visua! noise was systematic 
scanning. It was the experimenter's impression that this ability was 
much more apparent in second graders than in kindergarteners. The 
experimenter observed that second graders would exhaustively scan one 
^noise field before turning to the other field. In contrast, kinder- 
garteners would often shift' attention between the two fields several 
times before making a response. Failure to scan the noise fields sys- 
tematically and exhaustively inevitably increased search tim^ and thus 
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made it more likely Clmt-- the relevant cues would be forgotten. 
^ Coping with visual iid'ise also' required the inhibition of impulsive 
responding. In the discrimination problems subjects sometimes made 
incorrect choices on the basis of noise configurations ^milar to one 
Of the positive shapes. In the relational problems, too^ subjects would 
sometimes impulsively respond to a large, thin, or flat noise figure. 
Impulsive responding was most common in the relational problem \d.'th size' 
relevant. To be- consistently correct^ a^ subject had to locate both 
Relevant cues and compare them. Failure was common when both the 
positive and negative shapes for a trial were relatively^ large. If 
the subject found thd negative shapes first, he was likely to point to 
them immediately, instead of first finding the relevant shapes in the 
other noise field and making a comparison. ' 

Thus o^bservation suggested that three factors: memory for shapes, 
systematic scanning^ ' and inhibition of impulsive responding, were in- 

r 

volved in the ability to co^p^rwith noise on the viijual task. Although 
the study gave no indication as to v;hich of the&e. Ifactors was most im- 
portant in determining perf onnance., there is evidence clseuhere that 
all three factors are associated with developmental change. 

Vernon's (1960) observations on young children's perception of^ 
complex forms support^'TtT^Hnotio^ developifjent in the ability to 
remember shapes. She noticed (p. 12) that when chilcjren were presented 
with rela.tively simple forms, they were likely to see the forms as 
wholes, and to neglect details* An attcntional limitation of this type 
vould certainly be likely to result In poof memory for shapes. Tfie 

• » 

attentlonal limitation was much less fikely to be foupd in'oldex children 
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There Is also evidence that the tendency' to scan systematically ' 

clevelops with age, Teegarden (1933) required children to name 

*• ■ ' * 
. ^ pictures of f/miliar objects arran^jcd in, an array of ' five rox^s and 

five columns. While ol^Jer. cl)iHrei> tended to name the objedts systematic- 
ally, row by row or .coluiun by column, younger childi^en were more likely 
^ to adopt an irregular, unsystematic order. If, ii( the present studj^, 
the kindergartcuers' scanning of the noise fields was also unsystematic, 
then their tendency to shift attention , between the noise fields several * 
times before making a response understandable. With an unsystematic 
search strategy, they would nave no way of knowing v;hether they had 
exhausitveXy scanned a noise field. After looking at one noise field 
for awhile, ^t hey wpuld have no reason not to switch to the other field. 
They mj^ht switch noise fields several times^before they either found the 
r- positive cue or gave up and made a guess. • . ^ 

. Inipulsivity, the third factor affecting performance on the visual 
^ task, may al^so change deyelopmentally . The greater impulsivlty of 
younger than older children is a commonplace observation of classroom 
teachers. Howev,er, experimental researilh has more often treated iir^^ul- , 
• ^sivity as a personality trait or dimension of cognitive style than ?s a 
characteristic- of behavior that changes with age (Kagan, Rosman, Da/, 
Albert a'nd Phillips, 1964). Nevertheless ^ in one study (Kagan, Rosman, 
••.Day, filbert, and Phillips, 1964) impulsivity, as measured by response 
latency on a task requiring subjects to find hidden figures, was found 
tg^'be negatively associated with the tendency to form analytical concepts.' 
And the tendency to form analytical concepts v/as found to be related 
positively to age. This indirect, correlational evidence is not 
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conclusive, but it doea sufigest that iinpulslvity tends to decline with 
age. ^ ' 

, ■. . • 

• Audltoi -y Tasic * ■ ^ 

The auditory task strongly suggested a development with age in the 
ability to cope V7ith nolae. In identifying target words, second graders 
coul<l • cope with much higher intensities of noise- than could kinder- 

garteners. The research suggestpcka weak positive relationship between 
IQ and auditory performance. But the correlations between these measures 
were very low and not significant. At the kindergarten level subjects 
4 with high auditory performance scored higher on the visual task than 

subjects whose auditory performance was relatively low. But the correla- 
tion between arudi%ory and visual performance was low. At the second grade- 
level there was no evidence of a relationship between auditory and visual 
performance. ' • ' - • • 

Observation sugge-sted that at 'T^t three aisi'lities were r^qXiired by 
■ the auditory task. One important requirement v/as that the^ubject be 
able to attend consistently when the' target w6rds wcfe presented . Although 
the auditory task took only 25 minutes to adml1^^s ter , it was" relatively 
tedious. And distractions from outside^e experimental situation were 
abundant. In contrast to the vis>j^task, which allowed .the subject a- ^ 
period of time td direct at^^litlon to the relevant cues, the auditory 
task demanded attentioxr4o t'lie relevant cues at the time they were pre- 
sented. Somfe B\^G.z^B frequently seemed to be 'tuned out' when target 
words were^ing presented. Moments of inattention became more frequent 
as tlje^task progressed. The cap.acity to maintain set consistently over 
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time was probably a function of attention span.- But If 'attention 'span 
was an Important dcterminanc of perfonnnnce on.^e audltoryTtask, the 
supetipjlty of the boys over the girls at tlie kindergarten, level is 
puzzling. Boys In this age range ar6 usually thought to have shorter 
^ttentlon spans than girls. Possibly the greater eagerness of the boys 
to please a male erperijaenter offset their normally shorter attention 
spanb, 

A second ability required by the auditory task was to be able to 
determine when the target words „were being presented. Wlien there was 
mpdertite noise, some subjects, even when they appeared to be attending, 
often appeared not to realize that a target word had been presented. 
Such subjects were po-or at differentiating signal from noise. 

. Tlie auditory task also required the ability to make use of the set 
of response alternatives. Oftpn noise degraded perception of the target 
words, so that only cryde features, such as the _ number of syllables, a • 
vowel sound, or a consonant sound, were available as cues for Identifi- 
cation. On the basis of such features all but one' or two of the 
response al.ternatives pould often be eliminated. But some subjec^' " 
were unable'to use the jj.nfonnatlon provided by the set of alternatives. 
For example, one such subject thought he had heard the word, "f rog', " 
9nd declared that there was' no frog among the alternatives. The word.' 
"frog," has -the- same number of syllables, .and the same vowel sound as ^ 
:he actual target word, "sock.« If the subject had considered the ' 
response alternatives, he might have guessed correctly. 

Using the set of response alternatives presupposed both familiarity 
1th the alternatives and the ability to listen for critical features 
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distinguishing the alternatives. Despite the pretraining period, it 
cannot be assumed that all subjects were equally familiar with the 
alternatives. Rat^-o^ familiarization was probably a function of age 
and intelligence. The tendency to listen for critical features dis- 
tinguishing the alternatives was also probably associated with age and ^ 
intelligence. By varyipg the length of the familiarization period and 
the size of the set of response alternatives, these relationships could 
be tested • ■ 

Because of the differences between the auditory and visual tasks, / l>-^ 

the tasks demanded somewhat different abilities. It was suggested that 
on the visual task memory for shapes may have been an important deter- Vf 
minant of perfbmancel. On the auditory task it was not essential that | 
anything be remembered from trial to trial. However, when the perceived 0^ 
fragments of a masked .stljnulus wprd did not permit immediate identifi- .rl 
cation of the word, it was presumably necessary to remember these frag- 
ments while comparing them with the set of response alternatives. Thus 



the auditory task did require memory for incompletely perceived stimulus ^ 

words during indivi^Vual trials. Fiirtjiermore, ' it was stated earlier tliat 

to make use of the information provided by the set of response alterna- ^ 

tivcs> a subject had to be familiar with the alternatives. Memory may 

also hffve affect;ed the rate' of familiarization with the alternatives. ' . • 

.But in both/casas, whatever memory was involved in the auditory task v;as 

verbal memory. The visual task, required visual ^memory . 

' VJhile the ability to scan systematically seemed to fac^ltate per- 

, ^ - / . . I [. 

\ formance on the visual task, this ability was not required on the | t;,Y 



i: 



auditory task, since there waa no need to determine the spatial* locatiX)n 
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of the target stimuli. 

Impulsive responding, which seemed to lower performance levels on 
the visual task, was not easy to obse'rve in the auditory task. From a 
logical standpoint, if a sub:|ect was to make use of the set of response 
alternatives, by comparing them with an incompletely perceived stimulus 
vord, he would have to inhibit impulsive responding. Inhibition should 
lead to consistently longer response latencies. However, since only 
three seconds were allowed for a response, it vas difficult to obsferve 
differences between subjects in response latency. Such differences 
may have existed, and would have been apparent if response latency had ^ 
been measured. " 

■ One ability that seemed important in the auditory task, the ability 
to sustain attention, may also have been important in. the visual task. 
The visual task was tedious, and most subjects showed restlessness as 
the task processed. / Clearly, some kind of sustained attention was 
demanded. But on the visual task, in contrast to the auditory task, sub- 
Jects had a period of time to mobilize their attentional resources on 
each trial. /They need to mobilize attention on each trial was manifested 
by a cyclical pattern of inhil^tion of bodily movement during trials, and 
motor discharge betv>een trials. The motor discharge after each trial 
seemed to indicate that attentional state required during the trials was 
tiritig or stressful. Despite an increase in restlessness over time, 
the mobilization of attention appeared to be successful, since the per- 
fonnance of most subjects did not decline during ttetask. It will be 
recalled that at both grade levels average performance improved between 
the first twp blocks and then remained constant from the second tp the 
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£0. at..nt,-on to .oMU.od; If a .ub,.cu v,ns not attc„.Un. .t the ti« 
a stimulus vor. P,e.o„tad, >,o v,as UUeXy to »Uc a. error Thus t„e 
•a«ana ror ..stained attention „,sJ.ore ri.orons in t.e auditor^ ta.. 

than in the visual ta^k. 

The'difierent abUitica require"? by the visual and a^itory tasks 
„„ve been discussed, and it see„s appropriate now to eonsider so^e teeh- 
„lcal problems in both tasks. After U-ese teehnical problems are 
diseussed. a revised .etbodoio,y, suitable for future studies, is outUned. . 
Pinally. so.e directions for future research are su^ested. 

^ Xn tUe analysis .f the results for the visual tasU a scalin, proUe. 
.eca^e .pparen.. The scalin. prohle. is relevant to the failure ..find. 
' ..o predicted interactions: the firs, between the effects of .rade level 
' and type of prohle.. and second he.veen .he effects of IQ and type of 

' ^.r uill recall that the index of performance for all 

problem. The reader will recaxx 

^h. highest level of noisd at which the subject respon- 
visual problems was the highest xevex u 

,ed correctly. 'But with re.ard to their potential effect on problca'dif- 

.. ficulty, thenoise levels fon»ed an ordinal, not an interval scale. 

Clearly, each successive noise level increased problem difficulty. But 

■ .be amount of increase vas not necessarily constant fro. level to level. 

. increaaine the noise level fr» five to six .ay have had a .uch greater 

effect on- probl». difficulty than increasing the noise level fro™ seve. 

to ei.ht. Thus the relevance of the scalin. problem to interaction e/fects 

^ ^ T»J<TeSI shovs that the difference betyeen per- 
ls apparenty^r example >vj»«le^ snovs 

the discrimination -problems with varying position and the 
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relational problems was about the same for kind ergar ten as for second* 
gtade subjects. However, since the difference was measured at dif- 
ferent segments of the noise scale for the two a{;e (',roups, it was 
impossible t6 conclude that the differential effect of noise on the 
two types of problems was the same for both age groups. Indeed, it 
would have been just as fallacious to conclude th'at the ^interaction 
did not exist as to conclude that it did exist. ^ ' 

¥■ 

The same argument also applies to the existence of an interaction 
between the effects of IQ and type of problem. " The predicted relation- 
ship between these effects was found only at the second grade level. And 
the opposite relationship was found at the kindergarten level, with the 
result tftat there was a significant triple interaction between the ef- 
fects of grade level, IQ, and type of problem. But the scaling problem 
made it impossible to interpret these results with confidence, for the 
difference in performance between the high- and low-IQ groups was measured 
at different segments of the noise scale for each typje of problem. 

If cross-over interactions had been found, scaling would not have 
posed a problem For example, if the kindergarteners had scored higher 
then the second graders on the discriminations but lower than the 
second graders on the relational problems, the existence of an interaction 
would have been clear, despite the scaling problem. 

Future studies using the method of lirfits procedure to measure the 
effects of noise will have to deal with the scaling problem. One pos- 
sibility is to scale the noise iri a separate experiment. . Using a 
matching- to-salBple procedure, with a fixed time interval allowed for 
responses, the proportion of correct responses under different amounts 
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of noise could be ^tetennincd. On the basis of ^ the results, new noise 
stimuli could be^constructed, with the different levels forming an 
Interval ^cal/C. 

In th^! co^tse of the study two other problems with the visual 
task bcqdmj^ apparent. One problem v;as the exclusive use of errors in 
estimating the effects of noise. The use of this measure meant that 
each ascending series of trials produced only one index of capacity 

• for lioise. By also"" measuring response ^Latency , some independent infor- 
mation^ could be gained from each trial. Response latency is probably 
more sensitive than error rate to the effects of noise* 

i 

Affinal problem v/as the u^ of familiar forms as target shapes. On 
fhe discrimination problems the subject. had to remember the target 
S^ape8 from trial to trial. Since some of the target shapes, particularly 
squares and circles, were more familiar than others, these shapes were 

* presuina^ly easier to remember. To eliminate extraneous variation due 
to differential famiMarity^of the target sliapes, future studies might 
use unfamiliar, randomly generated polygons (Attneave and Arnoult, 1956) 
as target shaperf. 



Technical Problems in the Auditory Task 



In the auditory task, as in the visual task, there were several' unex- 
pected sources of variation' in performance. One source ot extraneous 

- . * *' 

variation was a. differential' susceptibility among the target words to 
masking by the noise. For any given level of signal the^'e were some 
noise levels high enough to mask the signal completely and other noise 
levels low enough so ''that, perception of the signal was virtually certain. - 
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«l™i^u. wo..r»cv. herd only ,.«rt o£ th. tl.e. U the axpcrl- 
„e„t«'s cUar l,»pre..io„ that =0.0 word*, such as' ■Wat." "apple." 
»d ■Vaeon'.S' «uc., .ore. liKe% to be recognized at Intermediate , 

„ol=e levels than were other .ords. such ai "pencil." and "turtle." ^ • 
A possible explanation is that the v«el sounds the .ore easily recoB" 
„i.ed words are ,»re distinctive a.ainst noise than are the vowel sounds . 
, of less easily, recognized words. But consonant -sounds also enacted' ^ 

a!.^^ noise levels; the two words with the same 
recognition at intermediate noise leveis, 

■initial consonant.' "boat" and "bell." were frequently confused.. Also. ^ 
words were likely to be «,n£used with other words having the sa.e 
. „Jiber of syllables. Intermediate noise levels .^graded perception of 
.he stimulus- words, so that only crude features such as distinctive 
V0W.I sounds, initial consonant sounds, or the nu^er of syllables. . 
could be used to identify the words. ,• • 

Since the stimulus words fir individual trials w^re not recorded. 
U was impossible to perform statistical. analyses of the frequency of 
identification 'of particular stimulus words at different-noise levels. 
. However, the differential vulnerability of the stimulus words to masking 
; was a source of ..traneo'us variation tovhich the method of limit, pro- 
cedure .was particularly susceptible' Easily masked words occurring 
early in ascending runs of^n resulted in artificially 1<« estimates 
. of the i.mount of noise „ecessary\o mask.the signal. Similarly, very 
distinctive^ words, occurring early in ^e^cending runs ofteo resulted in 
artificially high estimites of the noise required for masking. ' ■ ' 

Ideally, the method of limits, procedure would require a set of stimulus 

V 

ErJc . • . .00G7.0 , 



58. 



wordo equally distinctive against noise.' But there would probably be 

differences in distinctiveness in any set of stimulus words. It 

lidght therefore be easier to abandon the method of liMtR procedure andv 

test each stimulus word a fixed "number of times against several moderate 

ntoise levels, .Tliis procedure would provide independent information on 

each trial, while also controlling far differential susceptibility of 

the ^^timulus words to masking. 

Another source of variation in ind^ividual performance was the 

Inability of most subjects to sustain attention to the signal tape. 

% 

it was mentioned earlier that the auditory task, unlike the visual task, 
required attention to fhe relevant cues at the time they were presented. 
With the Tnethod of limits^ procedure, lapses of- attention were often 
critical;' an error early in an ascending series determined the score, 
for the series. Most subjects were unable to sustain attention tliroygh- 

• * i m * 

out the task and therefore occasionally made criticar errors early in 
ascending series. As a result, within individuals there tended to be 
rather high variability among the different estimates of capacity for 
noise. One way^fo deal with this difficulty would be to allow the sub- 
ject to control the time of presentation of the stimuli by pressing a 
button to indicate readiness. With subjects setting the pace of Uie 
Auditory* task, the task would measure the^ ability to dif f erbntiate sig- 
nal. from noise under optimal conditions. But it is possible that*under , 
optimal' conditions subjects do not differ very much in thqir ability 
to attend selectively. HI may be that the pressure of an externally 
determined pace tnakes*T5Hl^ctive attending difficult. Wlien selective 
attending is required in everyday life, one cannot control the pace at' 
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wlVich inforroatipn -is 'presented. ' 

: ' ^. 'An alternative to allowing J^ubjccts to control the time of pre-, 
sentation of stimuli^would be to eliminate . the method of limits^pro- 
cedure. If,.;-as \^^as suggested before, eacli stimi^lus v/ord were tested 
a Jiixed hurriber of times aga.iiis^^^^veral levels of moderate noise, the 
effect of errors due to momentary inattention wo'uld- be limited to indi- 
vldual .trials, 'fliere would still be variability /among each individual's 

estimates of liolBe capacity, but there would be many more iestimates. 

.-.^ \ . f ■ A , ^' . 

A- Rgvised Hetl^ido^^ ^ ' ' . . 

If the study were to; b^ repeated, certain^ changes ^ would . hav<^ to ^ 
be -made^ to deal with the te^chnical problems in the mi^thodolo^y of both 
the auditbry' and visual tasks. In the discussion of the teclvnic^l . 
problems thes*e changes .were* sugg^ted. Tlie chmiges aripi summa,rized below : 

. Xhre'e methodological changes' are suggested for the visual task. ' . 
The mos t j^mportant one would be to use scaled ijoise levels, so that 
interactions betweeTn the' effects of ptoblem dif£i.culty and other vdri- 
ablfes could be meaningfully interpreted.*- A sjecond change would be to 
vse unfamiliar shapes for the relevai;it cues. In the discrimination 
problems, then, the task of remembering the relevant cues would be 
equally difficult for all p^-bblems. Finaily,* the measureii^ent. of response 
latency would .provide another, more sensitive iricjicator of the effect; 
of ^noi.£>e^ ^^a^^se latencies would also constitute independent ' . 
information on each trial. With thes4 changes the visual task could 
be administered as in the pr^em^t study. ; 

* For the auditory task the ^ost impOr'ta^t^change would' be ta^Tttjr^arce 

■;■ . ' ■ ■ , ' ' .■ ' ' ■ / 

the^method of iimits procedure wi^Ti-a procedure testing the perception 



■of each otiDmius word against seve.ral noise levels of mc^eraiie intensil: 



■Xlie measure of ^capacity for noise would be the nunjb^r -of stimulus words 
■ identified at .eacli Ijevel of noise. One advantc^^e jpf the new technique 
woulcl be that each trial would provide indoj^ndent! , information. There 
would"be no was,ted trials, at noise levais so low that identification 
of the 4:argot words would be virtually certain or So'high that identi 
ficatipn would be impossible/ Momentary inattention v7ould affect 
scores'^for individual trial^ not scor9s for entir<i ascending runs. * 
ISurthermore,' since each/target word would appear an equal number of 
times ^t eacji noise/level,, extraneous effeots, due to differential sus- 

ceptibility of die target^words to masking woul^ be| contrpiled.^ ' Thus * 

/ • . 1 , 

the::4ie\jr proeedurer would Eliminate the technical problems ^ of the- present 

y ■ . ■ • i 

study. / X • / • ^ • ' ' 

/■ ^ ^ • ^ . . • . ^ ■ 

/A- second suggested change' in the auditory task would be> to measure 

* ■ . ' * * ■ . ' ■ / ■, . ^ 

/tesponse lateqcies,- 30 that the possible effect of - impulsive responding 
could^be studied. With these 'two changes the auditory task could be 
administered as, in the present study. 

Suggestions forfFu<:ure Research ^ • < * 

Future researchT'on the development of the ability to cope with 
■ * * * 

nois^ might proceed iq^several directions, The relaCionship between 
iptelligenpe and selective attention merits further study. The PPVT 
was selected for its ease of administration and its relatively, high 
reliability in* the age range tested. Iri /kindergarten cliildren 
inoderate posilfive correlation was found between PPVT IQ and perfoimanee 



3n the visual' tis^k. And it is possible that the correlation of t^f 



auditory task and IQ would be higher if* thb aiiditory task were modified, 
as nuggested earlier, to cope with intra-indi^idual variability in / 
performance. Butr the PPVT, a vocabular)' test, bears a very indirect 
relation to problem-soiving ability i ;^^ntelligence test measuring 
problem-solving ability more directly woulcl probably correlate more 
.highly with the visual and auditory tasks. For, as was proposed earlier, 
problem-solving often entails coping with noise, problem solving, it 
was earlier sjuggested, often requir^&^^parating relevant from irrele- 
vant information, and hence, in a broad sensfe^ ^he ability to cope with , 
noise.. - 

. Several other findings suggest a relationship bet\^een IQ and 
the ability to cope- with noiseT Bar-Yam (1969 pp. 7-10) reviewed a 
number of studies evaluating the .effects of directive and non-d3b^;ective 




teaching on fbhildren of different ability levels. Directive teaching 



traditional, "teacher-centered, " and highly structured, while non- 

directive teaching was "learner^centered" and less s.truct^ired. Bar-Yam 

concluderd that lower-ability students tend to perform bet i:er under y 

* . • * ' •'! 

directive teaching, while higher-ability students tend to |p^rf orm bet- 
• ■ 

ter under non-directive teaching, particularly ' in tasks requiring problem- 
vsalvin^. . It could be argued that directive teaching includes less 
"noise" thai> non-directive teaching. In this case the poor performance 
of low-ability children und<^r non-directive tGiaching^may reflect their 
poorly developed ability to cope with noise. 

Bissell (1970,^p. 28) evaluating th^ effectiveness of ^tructured 
and u^styuctuted preschool program^ for disadvantaged children, formed- 
« -^"cluston parallel t/o Bar-Yam's. ^is5.ell concluded that directive, 
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hi{5hly structured programs tended to be more effective with the more 
disadvantaged of lower-^class jqhildren, while' non-directive, iess 
structured progran^ tended to be more effective with the less disadvan- 
taged of lo^^;er~class children. Presumably, the more dis^^dvantaged 
children tested lower on intelligence tests than the less disadvantaged 
children. And again, the lower-ability, more disadvantaged cliildrcn 
may have been less able than higher-ability phildren to cope with the 
greater^ amount of 'noise' in unstructured programs. 

There is also a nee^d for further developmenta,! studies* comparing 
selective attention in different sensory modalities • Although ^the 
present study found relatively low correlations between performance on 
the visual and ayditgry tasks,' modifying the auditory task along the 
linpp proposed earlier should increase these correlations • Performance 
on. the visual and auditory tasks could also be compared with performance 
on a tactual task requiring selective attention. Gallin's (1960, 1961) 
tactual tasks, described earlier, mi^ht be adapted for this purpose. 

A third area for future research is the investigation of the p'ro- 
cesses underlyipg the ability to cope with noise. On the visual task 
studies of eye movement might demonstrate the importance of systematic 
scanning strategies. . In the discriminations the importance ^of memory 
for lihe target shapes could be studied in several ways. ^For ^S^ple, 
the number of discrimination trials prior to the add^ioilof noise 
might be systematically varied. Mor^ such trials shmild lead to better 
inemory for the target shapes. * The. type of f ^njiliarization with the 
target shapes could also be varied. BefpJe each problc;^ some subjects . 
CoulA be required to trace copies of the target sliapes.^ Tliq measurement 
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of response latencies uiicht clarify the role 'of iinpul^m^e responding 
•on both the visual and ^auditqpy tasks. 

On the auditory task the ,iinpor Uance or the ability to make use 
of the set of response alternatives ccuild easily be tasted by comparing 
performance in conditions using/^if ferent numbers of response alterna- 
tives, 

A final area for^ future research i£^' the study of the psycho- ^ 
physiological odncomitants of selective attention. Both in the present 
study and/ih an^ earlier study (V/liite and Mansfield, 1969) focused 
att^tion during the visual task seemed* to be associated with inhibi- 
tion of bodily movement and an increase in general muscular tension* ^ 
Bet^^een trial§ there was an increase of bodily n\ovement and a relating 
of the muscles/ It is likely that the cyclical pattern motor 
restraint ^nd motor discharge is reflected In a cyclical pattern of y 
psychophysiological changes. There is some evidence that in adulta^ 
special psychophysical state is maintained during problem solving 
(Gerraana, 1968^' Elias and White, 1969; Elias, 1970). The ability to 
adopt this psychophysiologic^al mode probably develops with age. 
Younger children may be, incapable of achieving an optimal mode. Or, 
if they can acliieve an optimal mode, they may be unable to maintain it 
•over a period of time. Th^ analysis of psychophysiological measures 

• * If " ■ • 

durin^tasks* requiring selective attention might illuminate, the 
development of changes in attentional capacity. 



Appendix A' " * 

■ ^ • 

Rescalivig the Volume Diar of tihe Tape Recorder 
Playing Koise to Create an Interval Scale of 
» Perceived Loudness. 



i 



Method 



Although the tape recorder playing the noise in the auditory task 
had a colume scale calibrated from 0 t-o 10, it, was not clear that the 
scale was an interval qne; egual increments of volume at 'different 
points on the scale might result in unequal increases in perceived 
loudness. The rescaling requi^red a separate experiment, that was ad- 
mlriistered to five adult subjects. At different settings of the volume 
dial, the subjects listcnetl to Che noise tape, and, as . the noise was. 
turned down gradually, judged when the pert:eived loudness was half the 
original level. From these judgments, it vas possible to mark off an 
equal interval scale on the volume dial. .i ^ • 



'Subjects 



. Tlie subjects were five adult graduate students in psychology: two 
males and .three females. The.sjnall number of subjects, .necessitated 
by severe time pressure to develop and** adminid^er the auditory .task 
_j>efore the subjects left school for vacation in June, did not appear 
to be a severe limitation, since for the purposes of^ the study only a 
crude approximation to an interval scale, was necessary. Furthermore, 
^consistency of judgments among the five subjects suggested that increas- 
. . ingf the number of subjects would not substantially ^ alter the derived- 
• interval scale. The experiment did assume that the. adults' perceived 
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Xoud„c.. at aiHeren. l.v.l. -cuK. be ccpara^a to .hat of th. CUdren 
in tha present study. B.=au3. tlic procedure o£ obtaining loudness " ■ 
judgements w'as tedious and at tl.e. stv<,ssrol, It „oul* ptobably have- 
been very dltflcult to administer to children. -And there was no 

obvious reason to Ipect that t.,e re'sults £or children would differ fro. 

those obtained for adults. ^) • ^ . 

Apparatus , * . * . 

■ . The apparatus was .the same as was'used in the auditory task. As 
in the adngnlstratlon of the auditory task, the tape recorders playl.ig 
sls^ai ana noise were connected to the stereo amplifier, 'the output of 
which fed into the subject's headphones. Both-tape recorders were 
turned on, but the volun-e control of the tSpe recorder playing the 
-signal was always se't to zero, so that the subject heard only the noise 
The volume and balance controls on the stereo amplifier were kept at 
.the same fixed positions as in the audito-ry tasH. ' „ 

Stimuli • • * 

Tl./stimulMS waf the noise tape, played at different levels of 
loudness, in tern,s of the vol^^e dial setti^.gs of the tape recorder. " 
. It will be remembered- tha^ the noise tape played a uixture of four 
.nale voices. Occasionally, individual word, were intelligible, but^t 
was impossible to follow any of the voices. ' ' 

Procedure . ' ^ ' 

• ■ For each' judgment the noise was first turned 'to one of nine set- 
tings .(l-:9) on the volume control dial. Then the experimenter raised 
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hili hand, sighallinB the subjact to llstoiv to the 'Joudncdss of the ^ 
Tioise. When ready, the subject tapped a pencil, and the experimenter 
began to turn do\>?n the volume of the^npise. . As soon as the ^ubjedft 
judged that the volume was half as loud as ^tha original level, he 
tapped again. Tlie experimenter immediately stopped turning the dial « 
and recorded^^th^-eading. lie tMen reset the dial to the levfel ^esired 
for the next trial. Tlie procedure was analagbus to a standard psycho- 
physical scaling|^teclinique described by .Woodworth (1938, pp. 505). How- 
ever, in the present technique, the subject could not refer li*ck and 
forth between the reference level and the level judged half as U 

Each subject made six judgments for each of the nine dial set( 
tbere were three ascending series of trials, dui:ing which two judgments 
Were required for each original setting. Thus the sequence' of dia^ 
settings (1,1, 2,2,3, 3, .9,9) ^as repeated three times. The procedure 
took about 25 minutes to administer to each -subject. ' * 

Results 

r 

For each subject the mean judgments . for the nine reference settings 
were computed. Individual consistency of judgment was good, except, 
for reference settings eight and nine, where distortion altered the 
^quality of the* noise. Next, for each reference setting, the average 
'judgnienl; of all subjects was comjf^ted. Tlius reference settings could 
be plotted against settings judged half as loud. The nine points were , 
conncfcted with a smooth curve, drawn by eye. Using this curve, one 
could estimate for any intermediate reference setting the setting that 

er|c . . ■ . . eo?79 ., 



• would be judsed half as, loud. In Tnbla A each «ucces«iv3 seUCing was 
perceived to be half as loud as the precedinr,' one. 11, e arbitrary 
perceived loudness value of 100 was assigned to settins 9, -and sub- 
■ sequent perceived loudness val^ues corresponded to iower dial settings.. 
Thus a'new' scale, from 0 to 100, representing pc^rceived loii<liiess, 
could be plotted against dial settj-ngs. The six points^ were connected 
with, a Btnooth curve, drawn by eye. On "this curve equal intervals of 
perceived loudness were marked bff. Tl^e result, shown in Table B. was 
*an interval scale of perceived loudness, in 'terms of .the original 
volume dial settings. The^ntervai H perceived loudness bedveen . 
noise levels was 12. Thos ,the l^lujje dial was rescaied into an equal 
, Interval scale with eight levels. 
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.Table A 



Perceived Loudness for Vplftme Dial Settings 
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Volume dial 
setting 


Perceived loudness 
• value 






9.0 • 

* 


100 


6.3 


• 50 




25 


2-3 


" 12.? 


'i.3 

0.9 

. » ' 


6.3 

3.1 - 
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Table B ' 



Interval Scale for Loudness 



Volume dial 
Betting 



3.3 
U.h 
5.7 

7.5. 

8.2 

8.7 



Perceiveql 
loudness 



8 
20 
32 
hU 
56 
68 
80 
92 



Scale level 



1 
2 
3 
It 

5 
6 

7 

8 
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;^ • Background of the Study ' ^ 

Cognitive changes during the course of problem solving have been 
investigatect-^ln adolescents in two recent studies (Elias and VJhite, 
1969; Elias, 1970). The purpose of the^4j£esent study is to lo^l^^ at 
these changes during problem solving in yourtgcr children v/hose ability 
to solve is juQt developing. .-^ . 

The* first study presented problems in a series of trials* A subjco't 
was asked to guess which of tv7o words was correct. As soon as he guessed 
he v/as told vrhich was in fact correct. Then he was shown two other words 
and asked to guess between those. His task was to figure out a rule 
which to choose correctly evdry time. For example » a problem in which 
the words "nark" and "playground" were shown on the first slide, and 
followed by alternatives such as "river" and, "lake", was solved by the . 
rule, "Vhe four letter word is correct". \Once the subject succeeded in 
formulating the correct rule he found it easy to respond -correctly on 
every subsequent trial. 

High school students showed decreases in skin potential, response 
and in latency of overt response at the time of solution of a problem. 
After solution they continued to respond to trials. Their performance 
was now correct, latencies v;cre brief, and there^ was less skin potential 
response to each frial. It was infer"?^ that the changes observed Were 
caused^^hyHr+nx^c^^ act of solving the problem vrhich, in »this case, 

meant formulating a rule Do guide future choices^ Those subjects v/l^p^ 
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were more skillful solvers showed mor^ marHcd changes at solution than 

S 

did fess successful solvers (Eliafe,^ 1969) . 

In the second s t^y several problems ^./ere presented in a continuous 
series of' trials designed so that rhe introduction of a new problem was 
not evident from the procedure.* An example of such a' series is a 
number task in which the first rule to be formulated is "^bj^^evcn nui.iber". 
When the subject has demonstrated^by ' a series, of correct responses that 
he- has found that rule, a slide is presented without. paus^j in which two 
even numbers are shown. The subject should recognize the anomaly ai^d 
be baffled by this slide. can solve this nev; problem v;hen he Induces ^ 

, the rule "the two digit even number". The number of digits had varied 
irrelevantlly at the firit stage, so that the subject, in learniTig to ^ 
chtfose by the* even/odd distinction, 3 earned also to ignorp the number 
of dibits. Now he must begin tci notice it again if he ia to induce the 
approp^ate rule. • 
This design made it possible to measure changes in reactivity at the 
time ©f recognition of a problem as v;ell as at its solution. High school 
students produced large increases in rbsponse latency and skin potential 
response at recognition of a n4w problem. Decreases in these measures 
at solution were also found, replicating the earlier finding. The 
decrease i>t solution was a gradual decline over several trials, whereas 
the increase at recognition was a sharpT change at the trial introducing 
the new problem. ^ 

In the second study, skin potential responses were examined 
separately for the events of stimulus pres'cntatiolt, response, and fcSd- 
tock on c(ich successive trial. The pattern of changes in rcsponjie to 
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each event was found to* be consistent wit^ an iriformatiqn processing I 

interpretation, . Lafge^ changes occurred in respori§"e to events xi;hicK 

coiifld be inferred to be less predictable by the subject g and so brought 
'•-.•* ^ * • 

■< , * ■ 

him a large amount of "'new information.. It> was inferred f rora ,this study 

th^ when one" finds oneself faced with a problem in which one is un- 

•^rtain of hov; to respond, one^ enters a physiologically and^ cagnitively 

labile state vzhlch can last ufitil the problem is solved -and uncertainty 

is reduced. Perhaps this state is a prerec^uisite ,for the kind of 

complex learning beii>g, investigated^ ^ 

The present study started from this point, A reliable pattern of 

reactivity having been found in subjects who were physiologically adult, ^ 

the question arose of emergence of the pattern during dcvelopn\ent in 

younger children. If the labile state is associnted with this kind of 

complex learning, then itp emergence in development might coincide with 

emergence of the ability to solve complex problems'i^ 

T^his chapter will bp concerned v;ith drawing the three studies to- • 

gether by considering them in terms of an information processing approach 

to complex learning and to its development in the growing^ child . 

\ ■ 
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^ The Object of Study ^ . . 

Let us begin by -developlns more fully t'hc:,view of complex learnlTig 
* » . * 

being studied. The phenomenon x^as dejscribed* l?y Druner, Goodnow, and 

Austin (1956), V^^Having mastered the distinction -betir/ecn'^d and "even 

ttumbero, it fsa feat to remember v;hat it waa' like in a mental world « ' 

» ^ * • . fc. 

•» . ^ . ' . ' 

where there v;ds no such disninctl'qn. .•rMoreoyer the. transition experi- 

ence*betueen ''not having' th^ 'distinction And 'haying'it' seems to be 

wi^out experiential content,,. It is, if you will, an, enigmatic 

process and often a sudden proces(s .Something happens quickly and one 

thinks one has found something.,, 'Now I und'^ifstand the distinction", 

before there x^/as ntfthing^ and in between x^as only a moment of illuminar 

tion'" (p. 50). ^It is this transition from "not h^ing". to "having" a 

concept x/hlch x;ill be" termed complex learning in this study. The • 

adjective "complex". distinguishes learning by concept attainment from 

the paradigms of conditioning or simple discrimination learning. Bruner ' 

description invokes^ a sense of magic, which, I think, accurately reflects 

the sensatiotT of sudden insight, l^hat changes in that "moment of lllumi- 

nintion"? The purpose of these studies is to try to shed some, light on 

the "enigmatic process" which seems to be an important phenomenon of 

complex human iearnihg. -* ^ ' ^ 

Bruner used the method of subjective report to describe the internal 

process of learning in this passage, *Uhat he called the '^ojjent of 

f * - 

•illumination" in his subjective terminology is labelled here as, "the • 

i * \ ' 

cognitive ^vent of solution". The event of solution must be. preceded by 

an "event of recognition"; a moment at v/hieh one- becomes aware that one 



has'a »pi;oblcm. The^pbjetft of this study is a fjostulated labile period * 
bounded^ t its beginning by the lnt.ernal cogriitJ.ve eyent of re<:ognitfon 
of a problem and at its end by rSolutlon. • , ; ' • ; » 

^Tnred* indicators of these, internal events are referrW to in the 
title of the paper. They are performance, latency of l>vert tespouse, 



♦and ^amplitude qf sk'in potential response. 

. ,•" ' :•• .: ' •• ■ ■ . ' . ~ . 

, The logic * by v:hi'ch these three measur^es can be taken as indicators 
of cognitit^e processing during problem solving is as f q11ov7S . Tho 
measures have been found' to vary in predictable v;ays during the process 
of v/orking on a problem; Russian wrk on the orienting reaction has 
shovm consistently a relationship between these same variables apd the 
uncertainty of a situation, or its unexpectedness far, a subject. Infor- 
mS-tion theory offers a model for assessing tHc amount of infcrniation 
ccJnveyed by a message in terms of its uncertainty or unexpectedness for 
a subject. If one can identify certain occurrences during problciii 
solving' as being particularly, unexpected, one may be able to infer what 
was expected by the subjpct^jjjlfwhat x^ras taking place in. his cognitive pro- 
cessing. Evidence will be presented to support the claim" that response 
latency and skin potential response do and^gate the amount of informati 
conveyed to a Subject by an occurrence, and that ther-efote. inferences 
m^y be dra\«i from. them about the structure of cognitive processes . 



00398 



* Indicators of Cognitive Processing - 

Changes during P roble m So l vinr ; *, ^ 

' . There is evidence from a number of sources to support 'the claim 

that reactivity does change during the course of working on a problem, 

V": ■ • ■■ ■ . ■ \ ^ ' / ■ ^ V ■ ■ 

so that a labile period exists between recognition and solution of 
a problem* 

The beginning of the labile period at recognition of anbmaly is 
consistent with Russian findiBgs on^hat they qall 'the Orienting 
Reaction <0R) . They have given that name to a complex.jD-| responses 
which bccurs when a subject notic^is a novel or attentionrSgetting event 
in the ' environment . The reaction is composed of a varie|jS:^. t^f :^©ponses 
in different body systems. The head and eyes move to focus 'on the elicit 
inging stimulus. Ongoing activity ceases. Gharacteristic rcppons<>s \ 
occur in EEG and in the electrodermal and cardiovascular sj^stems 

" (Berlyne, 'I960; Lynn, 1966), ' Sokolov (1963) , who studied the physidlogi- 
cal response systems intensively , commonly 'used simple stimuli such as a 
flash of light or a tone. He found large ORs to initial presentation of 
a' stimulus followed by habituation to regular-repetition, with restora- 

. tion of the^ large responses to^ novelty or any sort of change in th<^ • 
repeated patterri. The, phenomenon of a su^en increase in response size 
was found to occur strongly to anomaly at the introduction of a new . 
•problem *in the -secofid study of the three under consideration. The 
increase was recorded in electrodermal response and in latency of overt 
response but did not occur in heart rate. 

The labile period has been found to continue during problem solving 
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in contrast, to the rapid diminution of response amplitude which occurs 
to simple repetition of stimuli. Lynn (1966) pqlnts but that such 
Jjlralnution fall? to occur if the stimulus is conditioned or has 
particular significance for the subject. The phenomenon, is sho\m 
clearly only If one divides^ leaATning trials intovthpsc before and - 
after the last error. Vlhen this is done, high reactivity until the 
trial of last error is followed by the expected decline i Gernana (1968) 
reviewed the literature for GSR, EEG, and heart rate, lie postulated an 
activational peak at the time of solution, V7:^^|;j|^eact increasing . . 

thereafter. GSR hnd EEG showed the peak. Heart rate studies v;ere few 
and not clear,. I reviev;cd GSR studies by Kintsch (1965), Obrist (1950), \^ 
Gerraana and Pavllk (196A), Grings and Lockliart (1966), and Andreassi ^ 
and Whalen (196')) in qualifying .paper (Ellas, 1^69.) . - Their graphs 
of GSR change at solution v/ere cppipd in fehat paper to show the 
presence of thp peak at solution in a number of different learning situa- 
tions. I concluded that the decrease after the peak ^^as a stronger effect 
than the rise before it. Kintsch's GSR d a ta^ showed particularly clearly, 
1t\ a study of nonsense syllable learniYig, high amplitude variable^ responses 
until the trial .of . last error followe'd by a drop to much smaller responses. 

The same pattern can be found in studies of responRp latency in 
studies during learning x>yhenN trials are divided at the ttial of last error. 
Kintsch (1*965) also recorded this variable and found long latencies until 
the trial of last error, .and then a rapid diminution. Graphs were copied 
in my qualifying paper from Kintsch; Erickson, Zajcowski and Ehm/inif- (1966) , 
Millv;ard (1964), and Williams (1962) to show the pattern. Here, again, 
the striking; effect is the decrease after solution rather than a rise 
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beforehand*/ The two papers v;hich Irfiov; pre-solution respotises (Ericksoti 
jBt al. and Millward) ^how long lateneies throughout the period before 
solution. Other studies have also found' shorter latencies after 
solution (Siegel, 196A ;4chlag-rey, Groen, and Suppes, 1965; Peterson, 
1965). The actf^^^Jtional peak with its characteristic large declii^e 
after solution wa^replicated £n my -seconcr study in both electrodermal 
response and latency . 

These studies are diverse in their learning >|t£fsks and measurement - 
techniques. Considering ^those differences, and consider|ji^g the complete* 
Independence of the tv70 measures of electrodermal response and latency 
of overt response, it is striking to see hov; similar the graphs look 
from each studyt Respqnse§^ are ^ large and latencies long before solution 
and diminish consistently after l^t'. 

It can. be conclutTcd from these* findings that the variables of 
response latency and electrodermal response do vary in predictable ways 
durln^^-BToblem. solving. They increase atr^recogniuion and decrease at 
solution. I The phenomenon of a labile period between recognition and^ 
solution occurs ^n a variety of learning tasks. , f .V 

Re spo nse to Une xpec tedness ' 

Evidence for the phenomena of the labile period has bfeen presented . 
The next question 5o be considiered is how one may interpret such 
phenomena • It has been claimed above that t^ey can be interpreted In 
terms of the unexpectedness of occurrences for a- subject or his uncer- 
tainty about an outcome; 

^Many of the Russian OR studies dealt v/ith response to simple external 

» 
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Stimuli such as^light > ^sound, or cold, so the OR has come to be associa- 
ted v;ith objective' stimulus parameters. However, the Rfissian studies ' 

also abound in references to the occurrence of .OR^to changes. of all 

• * • • & 

kinds in the stimulus such as chtjnge of order,, change^ of - Sequence, change 
of pattern in any wayi^in short to any change which is surprising or un-' 
ejcpccted (Berlyne, 1960; Lynn, 1966; Duffy, 1962). OR is also affected 
by conditioning of the stimulus,, verbal ins^uctioti, or a requirement 
to respond behavior ally (Sokolov, 1963; Leontiev, I96l5 » These phenomena ; 
have led authors tb conclude that the OR must be related to the unexpec- 
tedness of an occurrence for a subject as wellVs to its physical 
' characteristics (Berlyne, Lynn, Duffy). ■ - . 

It seems plausible to pursue the reasoning that^ led to these con- 
elusions, and to hypothesj.ze that the OR may include components which 
will ser\^fe a^our needed indicators of the unexpectedness of an occurrence 
for a subject. "An anomalous slide introducing a nev; problem is obviously 
' unexpected by a subject. Trials during the period of working on a prob- 
-1cm bvt before solution can have unexpected outcomes. After solution, 
' however, the subject is much more confident of the outcome of each. trial, 
so his uncertainty is. reduced, and^.h-e ip:-liever surprised ^)y an outcome 
which he d^id not. expect. 



• In f o rm a t ioti vT heo^rx, _>lo_d ^1 ' t 

Some measures of the unexpectedness of an occurrence for a subject 
vhave been identified. We must now find a way to relate the concept of 

unexpectedness to the transmission of information if we ^Tre to interpret 
' such measures in terms of information proccssiiig. Inforraation theory 

offers such a model. , , 
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Let us consideir tl^ flov: of Infarmatlon from an event to a subj,ect 
/ » 

as a message. Since the studleis under consideration v/ere not designed 
In a way to permit computation of the bits of Information delivered by 
each event J Information theory concepts are introduced only for their 
logic hot for quantitative use. The subject is forced to make a choice 
tetween alternatives. ^He ch^)oses on the basis pf a guess with^less 
than complete certainty of being correctT As soon as he has made his 
choice, the outcome — the correct choice — Is revealed to him. The 
Infotyiatlon 'conveyed to hitit by this outcome is a function of his esti- 
'^ipate of its probability ^^.fore it occurretj. The information to specify 
an outcome whose probability is p, is the log to the base ^2 of the. 
reciprocal of the probability of the event. Uith cquiprobable alterna^ 
tives, log2J/p « logg 1/.5 « log^ 2t« 1, This unit of information Is 

called a bit. The reasoning is as follows, .if a subject has no reason . 

« ' ■ 

tq. expect^ one- outcome in a choice between^ two alternatives, his esti- 
mate of th© probability of one choice beihg correct is about .5^ Feed- 
back rgdbces 4iis uncertainty to zero, so the event has given him one bit 
of infonnatiori. ^f , on the other hand', he has considerable confidence 
that he has figured out the rule by which to choose, his expectation 
of one outcome* being correct is much higher'. If it proves to be correct 
his u^pertalnty was reduced by much less than one bit. For exampl(i, if 
• in his estimation, p « 7/8, then l^S2 7/8^^ bits. If, however, the ' 
unexpected outcome proves to be the correct one, that event delivers much 
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wore than one bit of information. If he estimates p to be 1/8, then 
•'log^ > 3 bits. Therefore it can be stated that the information 
transmitted is inversely ^proportional to the individual's prior cstlrtntc 
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of the probability of its occurrence. Stated more simply, the less he 

expdcts ap outcome, the more information he gets from it. 

• ■ * 

Thfe information theory model makes logical case for different 

amounts of information to.be transmitted by the outcome of a choice 

. ^ ' ■ ' ' ' .■ 

depending on how unexpected- the outcome Is to the receiver. 

A few stu<Jies have been addressed to the question of finding be- 
havioral response systems v/hich'vary as functions of the amount of 
Information conveyed. UnliCe the OR studies vjhich have been considered 
above, these are designed explicitly for sturdy of information content. 
Direct relationships have been found between the information content of 
a signal and CITV (contingent ,ne"gative variation In d,c potefttlrfl from 
the scalp; VJalter, 19C6), evoked potentials of EEG (Sutton, Braren, 
Zubin,/and John;' 1965), reaction time (r.ilgciniJorf , 1566), and pupillary 
cjllatloti (i;ahncir)an and Beatty, 1967). Those^ studies all show that when 
the flow of Information is deliberately measured, the measures vary with 
the information content of a message, These studies do not, hov;ever, 
deal V7lth problem solving tasks nor yith the measures to be used here. 
They are useful here in lending supp^jrt to the argument that covert 
variables might plausibly be employed as indicators of the flow of 
information* 

If some covert responses do co-vary with amount of information trans- 
mitted, then some specific predictions of changes in resppnslvity during 
problem solving can be made. Large responses to recognition of anomaly 
at the Introduction of a new problem should occur because that unexpected 
event conveys a lot pf information to the subject, Fairly large responftes 
are to be expected during th^^ period of uncertainty before solution, 
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because the alternatives are roughly equiprobable during that per.io 
Finally, a rapid, decline in respo^jSfc.ty^ is expected to occur after 
solution has taken place and the gii(j.ect's uncertainty^^ about the outcome 
of each trial has beep reduced. \Thus, the labile^ period is predicted, 
bounded at its beginning by recognition of* a pro.blem and at its end by 
solution. The expected patterns ate depicted in Figdres 3 and 5. 
The skin potential pattern has been drawn v/ith a sligTit rise l)efore 
solving to show the activational peak predicted by Germana (1968) as 
well as a Iffuch sharper drop after solution. Only the post-solution 
decrease Is expected to be a significant change. 

in sumraary, a model has been presented frotii information theory by 
which the unexpectedness of an occyrrence may logically be quantified and 
be related to the tr^tP*=^niRplon of Information. Fmpirical tests of the 
model show results v/hich are not inconsistent vrfLth those of the present 
studies, but not directly comparable. Curves have been derived from 
predictions from the model for changes expected during the course of 
problem solving related to changes in a subject's uncertainty about 
outcomes. . 

Cognitive ProcGssjjrji^ jl^c]^* 

•*^7e come now to the final step In the argument. Having demonsfTated 
that the measures under consideration do indicate the" amount of inCorna- 
tion being transmitted by any one oc'burrcnce, it follows that one should . 
be able to an£ilyze "a series of changes in these measures in terms of what 
Is taking "place in cognitive processing by seeing whether the large 
amounts of information arc coninjg In^at momentK^when one would expect tlien 
In order to derive expecKtatlons, we nepd a model for the flow of informa- 
tion through the cognitive system during problem solving. 
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* Sucl) a model can be adapted i^fcom Miller, Galanter, and Pribram 
(1960). They contend that behavior is governed by plans. The Unit of 
behavior is a feedback loop set to minimize discrepancy bqtvzeen an * 
operaUion^nd criteria derived from a governing plan fpr what the 
operation should be. Criteria for wha t should b e constitute tests to 
which v/hat is can be compated. Vflien the operation and th'e test are 
found to converge, one can exit from' the unit of behavior. Such units 
can be combin^/1 in many kinds of organic tions to form complex behavior 
sequences. 

Millet et £l; described problem solving as a search through a set 

oi^ alternative hypotheses for one that satisfies criteria derived from 

a plan of search,. If, as in my problems, the search plan include4 a 

cr*iterion such as making a choice which always turned out to be correct 

tlTS^'^^i^.em vould be solved When that criterion wfls met. The event of 

recognition of a problem can be interpreted as the moment at which a 

search plan takos over the executive function and starts to govern the 

cognitive apparatus. The event of solution is the time at which the 

search plan relinguishcs control of thh apparatus and the newly formed 

* * ^ 

plan by V7hich to respond tlakes over in its turn. The labile period is, 

i» • ■ • *■ 

then, the period during which the cognitive system Is governed by a 

search plan. . ^ 

In these terms the problem before us can be stated as an inquiry 

Into the structure of a search- plan. The content of possible search 

plans will not be dealt with here — f^r example, v/hcther children are 

more likely to search' by color or by form. There is a considerable 

literature. in that area. However, the structure of a search plan Is 

of interest. ' * * 
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One possibly structure for searcli plans would be a"* linear s'cquence 
of units, each involving only one operation. This would be comparable 
to guessing on the first trial "It's the red- one", "^tf the color 
.hypothesis is disconf irmcd, one might guess on the next trial, "it's 

the square ohef'^nd so on* Only one dimension of variation Is tested 

^ ' " * • \ . 

on each triaJ,.. If the testqd dinensfian wprks, one would stay with it 

until it is disconf irmed. . * ^' 

Another search* plan might involve a much more complex hierarchical 

arrangement vof units. At the top of the hierarchy i$ an overall flan to 

find a solution to a problem. Units of behavior including operations and 

tests are nested under the superordinate plan. This organization makes 

possible a recursive program for processing each trial. Several test- ^ , 

operate units are fitted together in a way which is v;ritten 1^ fortran as 

parentheses nested within parentheses. It is only possible to process 

information in such a way one has a firm notion at the opening ^of the 

first paragraph of the endpoint he x^lshes to rcac?^^ its close. Only 

thcn^can he keep his logic clear while handling several variables nested 

within it. Such a plan has a tight*^ integrated- structure dominated by 

the^goal of problem solving unlike the loose chain-like structure of the 

first plan. These tv;o models for search plans are highly speculative. 

An Infinite variety of other such plans is conceivable. 

By contrast to these postulated structures of search plans, a child 

faced with the task of solving probletls by responding to trials in scries 

can behave according to another sort of plan. It could be called simply 

a response plan. It consists of merely responding to trials without any 

attempt to solve a problem. Its .goal presumably is to be obedient, to 
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please the Experimenter, or to please oneseli:, A subject can behave in 
conformity with this plan by position responding or by any games or 
patterns of his ojjn^cvis'ing as long as he presses a window v/henever a 

choice between two pictures is presented. ✓ 

• . • • • 

There are ^wo ways tg exit fron any sequence of behavior Inclyding 

probleci solvingrf One is by. convergence betweea tests (what should be) and 

. . . ... * ^ 

oper^ations (what is). In the case of solving prablems, to exit by con- 

< . " , ' ■ 

vcrgence is^to find ,an adequate solutiop. * The other way is by means of 

a stop rule; a rule built into the governing plan which provide?, for exit 

without convergence of tests and operations in order to. avoid an endless 

feedback loop. The possibility of exit from a problem by a Ktop rule 

rather than by solution is of Interest because it will come up in 

analyzing the data later in tills paper. . v 

The notion ofc the stop rule was Introduced from computer prograjnming 

It w^s found in programming that for every loop one had to have an 

explicit stop rule. Otherwise the program might get caught in the loop ^ 

forever if th4 conditions for exit were not fulfilled. The possibility is 

not so obvious for human behavior becaiise v/e seem to liave implicit stop. 

rviles. If a companion leaves you, saying, "Wait here. until 1 get b^^k. 

I i^on't be long." and tljen fails to reappear, you ^ wait for a wiiilcy 

because the condition for exit from the situation (his reappfearance) has 

not been fulfilled. If you v;ere a computer you v/ould v/alt f oi^over unless 

a stop rule were va-itten into your program. Being human, however, you - 

do npt v/ait forever. A stop rule sets in eventually which insttucts you 

to exit f torn ^he situation. You then formulate another plan. You might 

go and look for your lost companion, or you nlpjit give up and leave in 
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disgust. The computer analogy, by making tbe is6ue 'explicit , brings to 
our attention the^ exist en^ll^f implicit stop rules in people*ancl makes 
it possible to ask how they ' function for different situations or for 
different individuals, , * * 

^ The cognitive processing model offered postulated that information 
Is being transmitted through the cognitive system in some kind of sequence 
of units olj tests and operations governed by plans. Tv7o types of setlrch 
plans were/ suggested; one more complex, and integrated than the other. 
A response plan \ms also suggested which called for responding v7ithout - * 
searching for a solution j:o the proSlera. The necessity of a stop rule 
was claimed for processing under the gtiidance of any plan. 

Summ ary o f Arg ument for Ind icators of C^^^^ ^ 

It has been claimed that the pleasures of perfonr/ance, response 
latency, and skin potential response can be used as indicators of the 
flow of information during the cognitive proeefising involved in problem 
solving. To support the claim, evidence has been presented to show that 
these measures do vary predictably during the course of problem solving. 
It has been shdvm that such changes have been interpreted as being <v 
related to the unexpectedness of an oijitcone. Unexpectedness has been 
shown to be related to the flow of information according to a model from 
information theory. Grcaphs have been presented depleting predicted 
changes in responsivity related to the amount of information transmitted. 
A ^labile period- is expected v/hile the subject is uncertain about the 
solution to a problem. It is expected to begin with a sharp increase 
in latency and in skin potential response size at the event of recognition 
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of the problem' aod to end with decrease at solution. Some ^peculations 

T . ^ ^ . • 

about plans of search durilig problem solving havqr^een offered. If 

* ' . ' • 

the Reasoning of this\ argument i^ accepted, one can then make inferences 

aboiH^he validity of the speculative informatipp-prOcessing models by 

measuring the three variables and seeing where they indicate^ periods of 

large and small information flow during proc^essing. 



•Developmental Changes 

Up to this point the discussion has been conceVned only^yith adult 
functioning. A modej has been proposed, and a pattern of mature function- 
ing has been found v;hich is consistent v;ith JLt. The study .to be described 
in this paper is the third of the group of three pape.rs. It is concorneU 
^i7ith the issue of the erffcFgence oT the tnatuYe pattern during .development. 
Questions are ir.unediately raised about e^ch of our three indicators: 
performance, electrodormal response', and latency qf overt response. Mhat 
Is the course* of development of each response system? Can olie infer that , 
it indicates informational flow in the child as v/e have inferred for the 
adult? Th(^ literature bearing pn t;hese points i&^sparse, but can'offer 
some clues ^n which ^o base expectations. 

; ' ' ' ' . f 

Develo pmont of the Tv;o Covert Indicators > j/ • \? . j 

No studies of GSR or latencies during the course of learning in 

children v;cre found. 

There are a few reaction time studies in which electrodermal response 

was also measured. Grim (1967) varied preparatory intervals and recorded 

reaction tiiacs and GSR in first grade, sixth grade, and adults. Kc found 

00410 " . 



no difference .in GSR ampyti^e between children *and aclvilt^but in^ 

firet graders, unlike adults, reaction ^Latencies increffsed with increao- • 

. . • ' . \ .• . ' . ' 

. ing preparatory interval • Sixth graders' showed , the increase lessi rftarkedly , 
A study by Elliott (1965, 19&6) compared 6 year olde 'to adulCe in 
the-4sff&ct of varied incentive conditions on'reaction ti'nve. Two ypars . { 
later he retested the sorae^ subjects, the children being 'sfyears^pf. age . 
by that time. He- found a dif f ere;i:ice in slrln conductance level, at age 8 
between incentive arST^TKincentive conditions.*' The subjects ^ad shovm 
na dif f etence betv7een candi,tions v;hed they were 6. Elliott, c^lson^howed 
faster overall reactioh times for older subject^y^iich is a genefal^ly • ^ , 

^accepted . phenoniteno'n^ He* found that reactioil timfe wa?^ related to skin 
conductance level H^x 8 ycai: olds and for adults, but not for the , . 

children at 6 yeairs of age. . 

■ , . i» 

A study, by Kaplan (196u) atLunptcd to rxjlate cognitive development 

as measured* by the Word Association Test to arousal as neasured .by , skin ^ 



conductance ' level In 5, 6, and 7 year old childr>2n. Since^TTe did not ^ 

Record ^conductance at the time that cof^nitive measures Wore administered, 

there werd no records of electrodermal changps during cognitive activity. - 

He does show tliat 7 year , old boys differed in skin conductance level 

between high and low arousal conditions. 5 and 6 year old ^boys and all 

* • 

cirls showed no differ etKG bi^twcen conditions. 

The measure of conductance level ysed by Kaplan and Elliott is not/ 
the same as the electrodermal measurrC, skin patential amplitude, used in 
my studies. AltlWugh skin resistance and skin potential response ampli- 
tudes have been found to correlate quite closely, during active responding, 
the level variable Is related not at to response amplitude in tslcin 



pot^ential, and only slightly, in skin resistance C7i^cot^tT^ l-9SSi Bui^stei^y 
^en?, and Bergeron, 1965; Gaviria, Coyne/ and Thetford, 1969)V This- lack 
of relationship makes extrapolation to my study impossible. I^t is worth 
noting, though j that' a hint is evident dn. Elliott's findings that the 
elec'trodetmal system is not related to either cognitive or la^r^ncy vari- 
ables it age 6 and becomes related tq both at age 8. . Therefore, we 

can expect, wi^th very little confidence, that performance, latency, and 

. , • '■. . - ' . - /■ ^ . . ■ ■ • > 

skin potential responses may come together at about age 7 and show the 

^beginnings of the mature pattern during "^problem solving; that bef pre' 

jthat jagfe they .will be unrelated and erratic. ' 

Relationships amon^ the T hr ee Indicatorg ^ ' 

There is no evi^ience bearing oh the issue of whether the variables 
are true inHicatoro of inf ormatlon 'processingvin childhood, or on the issue 
of what importance differences between variables might 'have. Since the ' 
two cqyert -variables bear diffctent relationships to the performance vari- 
able, a diagram will help to clarify the reasoning by \7hich their emergence 
may be interpreted. ^. • . 



Information Input 



[ 



, Information 
Processinr, 



Response 
Latency 



~— ^ ' Skin Potential Resj5onse 

* ■ 

■ ■ ■ > Overt Response 



stein potential 'response and overt response, being tv/o ^separate output . , 
system§.«f rom the same' central processing, are correlated in the adult. 
If they tire found to be not correlated in a young child, it could be. 
due to a lack of connection between either output .and the center, or to 
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lack of . functioning at ■ the center. One cannot distinguish development 
in. infoi!niatiori processing capacity at the center from dTsvelopitteoat in the 
output system. Electrodermal activity, being controlled by the auto- 

' . ■ .^ ' ■ _ ' • ■' • * 

matic nervous system, i$ an indicatoi: of a physiological support system . * 

which could follov a course of maturation separate from that of the 

, cognitive system, although possibly Vital' to it< Response latency, how- 

evev\ is not a separate response system. It is simply the time which 

*■■■«). , ■ . ♦ ■ . . 

elapses betv/een input and overt output. It can be conceptualized as. an . 

envelope for central processing, telling nor\e of the details of what 

goes on i but surrounding the period^of processing. Emergence. of 

correlation betv/een skin' potential response and performance carl, on 

this basis% be interpretecl^as du^ either to matuJfcation of One. or both 

response systems or to- beginning of informaticrr prccessirig aL a tiu\\v 

level. The appearance of ia correlation between resj^onse latency and 

performance should be due to new regularitj' in d^uration of information 

processing. The emergence of a correlatioh between* sTcin potential 

response and response latency should be due to a developing connection 

between the autonomic support system and\the information processing / 

system. . * u ' 

' A Dev elq pmerita l^ Mo del 'of C op,nijt:iv e Processing 

The* variable of task performance, the third of our three itidicators, 
is, of course, the usual measure. of cognitive development. The litera- . 

ture is' fai/ more extensive but much of it is of little relevance here. 

' .* • * ■ 

, Going back to the information processing model worked out for adults, one 

c'an consider how that might be elaborated to allow for developmental 

change in problem solving abilij^y; ' ' 



Koblberg (1969) has formulated with some care the stage theory of 
development of Werner > Piaget, and others • He emphasized that "stages 
imply distinct or S}l^Jr,t.^Si^,^^ differences in children's modes of think- 
ing or of solving the same problem at different ages" (p. 352)* In 
the present study children of different ages will be asked to 'Solve the 

snme problems. So we should expert to find distinct or qualitative 

^ . . . ^\ 

differences if the theory of stages in development is to be conf i|:nied . ' 

. ' . ^ ^- . 

He states further that, "Cognitive stages are hierarchical integrations... 
Accordingly highep stages displace (or rather reintegrate) the struc- 
tures found at lov/eriiStages . " (p. 353).. In order to show the presence 
of stages one must show a discontinuity in development v;ith a qualita- 
tive-shift such that post-shift functioning encompasses as well as,, 
displaces pre-shift functioning. He does not discuss the relation of 
cognitive development to physiological maturation. . ' , 

^^A qualitative shift resulting in hierarchical int|?gration can be 
conceptualized by using the computer programming analogy. A comparable 
shift in progranuniiig v/ould occur in shifting from a sequential program in 
which one operation is perfomed at a 'time in sequence to a nested program 
injiThich the same endpoint is reached in a more efficient and elegant ^^fey. 

, So let us propose a model^of developmental stages as a loose sequen--' 
lial organization of information processing units followed after a .transi- 
tion by a nested hierarchy of the same component units. At the higher 
stage the individual units become :|,ntcgrated into the larger unit. Once 
the nesting concept has been grasped, it can be used for operations which 
cannqt be perfornfd sequentially. ' ' . 

Wliite (1966) has argued for a shift from what I have called simple 
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to complex learning a J: ages 5 to 7. ^le found that stimulus variation 
hinde;red kindergarteners' performance |on a discrimination learning task 
but that neither second nor fourth graders wete4>othered by it. He 
Concluded that the older children could induce a. rule fr.om selected 
aspects of the Etimull and use it a^' a guide ag the situation varied 

I am suggesting that they could subsume the problem of responding to a 
particular discrimination hierarchically under the .larger problem of 
finding'an over-riding generalization byvv;hich to respofid. The 
kindergaiteners were not yet able .to do this and therefore were fotced 
to resportd to each trial in sequence as it came. Apparently if It 
varied fiom the previous trial it was regarded a's a brand new problem. 
The shift from simple to complex learning can be seen as an integration 

of the earlier stage into a later stage in which both more generaliza- 

■ ■ - 4/i 

tioJi and firnfer discrimination are present. - * ' ' 

Five,.year olds have been found to have difficulty in learning a 
task involving concept identification and transfer as compared with 

II and 13 year olds (Odom, 1966). Concepts were identified more ade- 
quately by older children in a cqjngatlSjOn of kindergarten, first, and 
third graders using a card sorting task (Mitlcr and Harris, 1969). In . 
discriminating photographic portraits, 5 and 6 year olds tended to 
over-discriminate, whereas 7-9 year olds and college students tepded 

to over-gejieralize (Salt?, and Sigel, 1967). Errors in learning a joint 
denial rul| (not A, not B) dropped sharply after age 7 in a study of the 
development: of rule learning using choices between cards whose, patterns 
varied in £. United scC of dimensions (King, 1968). 

These studies concur. v;ith mvite's finding that a sharp improvement 
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In ability to generalize or form concepts, occurs at about age 7. They 
-are consistent \^ith t\\e hypotlicsis that children shift from processing 
eadh event as a new and rather separate experience to pifocessing each as 
an item subsumed under the taslc of solving a preblem by finding a rule 
which bin^ the items togetli^ into a coherent whole. They do not, . 
however, test that hypothesis"* ' 



A part of tha model which v/as discussed earlier was the, stop rule 
which is necessary to tiscape from endless loops in case of lack con- 
vergence betv;e3n operations and t>ie govarnin^plan. One might surmise 
that a creature whose lack o£ experience limited his ability to test a 
plan ^nd whose lack of operational skills limited his ability to operate 
would need to rely part,lcularly heavily on a stop rule. Moreover, in. 
the developmental shift from sequential to nestvid orgai^Lisation of the 
structure lof plans, thh units are -more loosely organized before the 
shift, and the end s tart e less dominating. The plan might be stopped 
between aiiy tt^o operations. After^the shift the integrated hierarchical 
structure, being tighter, may be less subject to the intrusion of a 
stop rule. . • \ . ^ 

5 year olds were foynd to be limited to ondfc way of sorting cards in 
a study of free classification'; in contrast to 8 and'^ll year olds v;ho 
could 're-sort the same cards several times according to different criteria, 
They were also less able to sort by criteria other than those they pre- 
ferred (Kofsky ajfid Qsler, 1967; Mltler and Harris, lM9)y These findings^ 
show a kind of rigidity in the 5 year olds which is strikingly different . 
from older children. It can be interpreted in terms of a tyrannical stop 
rule v;hich permitted the child to process" the information coming in for ' 
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only a short- time or in only one way, and v;hlch then clamped do^m, 

*■ . ■ . ., • . . - • * ■ *» 

forcing termination of his involvement with the problem. Older 
children V7ere able to inhibit^the stop rulei They could then complete 
the task to their satisfaction, and exit by achieving- congruence between 
the^ test and operate phases • 

The developmental study was basically exploratory rather than a test 
of hypotheses. Its atoi was to identify the emergence during childhood 

of the labile period found in adults during problem solving. From 

*{••«. . . •- 

evldence^'f rom the three indicators taken together, more precise infer- 
ences about information processing can be made. Data were sought on / 
the information processing issueis suggested: that older childreu can- 
inhibit a stop rule in order to continue xv^orking on a problem if they 
don't solve it' at once; that they can respond. to a problem as an 
Integrated whole rather than as a sequence of trials. The presence of 
a developmental stage shift is suggested only if discontinuities can be 
identified v;hich' lead to the conclusion that a hie'rarchical integration 
has taken place at s^^ point, . \ 

■4 

• V 
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-Method . 

Subjects ' . . 

The subjects were 48 pupils at a public elementary school in 
Cambridge, They^^re residents of a working class neighborhood. 
Racially, they vjere white. Ethnically, many were of Italian, Irish, 
Polish, and Portuguese extraction. % 

" 16 subjects, half of them boys, and half glrls|\.were dravm from 
. kindergarten, second grade, and fourth grade. Selection was planned to - 
get a broad spread of ability. The teachers were informally asked to 
suggest the best and v7orst students in their classes so that sojne top 
and some bottom students would* be represented. No attempt was made to 
check the cjiccuracy of the teachers' assessment. Children who vere 
said by their teachers to be mentally retarded or severely emotionally 
disturbed were,^|iH; selected. Three children who showed signs of anxiety 
In the laboratory Were taken back to the classroom without being tested. 

Th^ subjects ranged in age from 5 years, 0 months to 11 years, 
11 months. The Kiridergartcn range was 5-0 to 6-7 with a median of 5-6. 
Second gr^de rangd^ ^roirt. 6-11 to 9-4, median 7-7. Fourth grade ranged 
from 8-11 to 11-11, with median of 9-11. 

V 

Tasks 

o 

Tasks were adapted ^for young children from a design used previously 
with adolescents in my second study. An essential featurfe of the design 
was that several problems were presented in an unbroken series, of trials 
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After* solving one problem, the subject was faced with ^ther one with- 
<iut any cliange in procedure • This feature made it possible to study • ^ 
recognition as well as iolution^/probleins* r 

Composition of the tasks in detail follows* It is important to . 
distinguish the terms task , problem , and trial* 

There were five tasks in all: an instruction task, a simple task, 
and three complex tasks. The tasks V7ere separated by rest periods. 
The child was told when he was to start and when' he had finished, so 
the tastfs were clearly delimited for him* There were several problems 
within each task. The problems were not ^separated by breaks in time 
since each task ran without paiise from, one problem to the next. The. 
subject could recognize distinctions betvjeen problems only in terms 
of content. Each task V7as made up of many* trials * .A trial consisted 
of pres<^ntatioa of two pictures, choice of one by the subject, and 
immediate re-p^esentation of the correct picture alone to tell the 
subject which choice vras in fa^ correct. ""Trfals ran in this traditional 
stimulus-response-feedback sequence j^hroughout the task. 

The substance of the t^\sks can best? be presented in outlinp form: 

Instruction task (from my purse) 

Problem 1. Pictures: a coin vs. a key 
Rule: The coin is correct. 

note; in successive trials the coins and keys 
vary. A quarter, a dime and a penny are used, 
and photographed on different sides in different 
pictures. A housa key and a .car key are photo- 
graphed in various positions. So the Images in 
successive slides are never identical.' 
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Problem 2. Pictures: The ^s^me quarter vs» the penny, 

Rul$: The quarter Is correct. ' . . 

» ~ ' * . , • * •■ ■ ■■' 

Simple T^sk (adapted from traditional animal diGcrlmination work)" 

it • ' ■ • • • ^ • • ■ ' /■ 

Problem 1* Pictures: a black outline square vs. a similar circle, 

■ ' * - • ^ .■ ' 

Rulet The square is correct. 

note: In this ta^kjthe same sqtiare and circle 
appear in every trial so- there is no vacation 
in the figures. 

2. Pictures: the same square vs. a square which 

is identical except for a diagonal slash across it. > 

Rule: The square without the slash ig correct* 

3. Picture: a square with horizontal bats vs. a 
square with vertical bars. 



Rule: The square'^wlth horizontal bars is 
correct. 



Form Task 1 (adapted from Brunej Goodn9X7 and Austin, 1956, 'Figure 1, p, 42. 
ProblemNl. Pictures: triangles vs. .ovals. . , , 

Rule: Triangles are correct. 

note: As well as varying relevantly in form, the 
figures vary in color—red or blue, in number-- 
2 or 3, and in orientation — arranged horizontally 
or diagonally across the picture. They also vary 
in size, shape and rotation. Triangle^, may be 
equilateral, isosceles, right or irregular. Ovals 
may be wider or narrower than bircles or perfect 4s 
circles. 

2. Pictures: Red triangles vs. blue triangles. 
Rule: Red Is correct. 

3. Pictures: 2 red triangles vs. 3 red triangles. 
Rule: 3 is correct. 
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d. Pictures: 3 red triangles arranged horizontally 
•^vs. 3 red triangles arranged diagonally. 

Rule: Diagonal arrangement is correct. . . 

. ^ 

* iWside task . (adapted from* Sharp 1969) 

Problem 1. Pictures: Blue outline circles vs. similar rectangles 

Rule:. Circles are correct. 

. * note:' The figures may be' big or little, one ox two 

* * in a picture, arranged in varying parts of tKe 

picture and separate or on top of otle another if 
there *rfre two in the picture. ; 

2. Pictures: a big, and little circle together vs. 
2 bigs, 2 littles, or a single circle. 

Rule: Big and little is correct. 

3. Pictures: The Uttle circle outside the big circle 
vs. .^insi^e it. 



0 



Rule: Iilside is correct. 

Leaves Task (tree picture^ cut from Broclanan, 1968,; shell pictures 
cut from Abbott, 1968) ^ ' 

Problem 1. Pictures: Leaves vs. shells 

Rule: Leaves are^cpxxect. 

• 

note: Drav7ings of leaves and shells cut from field 
guides are photographed. Every particular drawing 
is different from the others in an unspecified 
number of ^dimensions such as kind of plant, number 
of leaves depicted, presence of buds, flowers, nuts 
or berries, color, etc. 

2. PictCires: Broad leaves vs, needles 
Rule: broad leaves are correct. 

3. Pictures: Palmate leaves (like a palm V7ith major 
veins rayed out like fingers, example: a maple 
leaf) vs. pinnate leaves (one major vein running 
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^ . V . down the middle of the leaf with side vei^ 

• * branching offt example: beech leaf). 

Rule: Pinnate leaves are correct. 



4t Pictures: .Smooth edged leaves vs. serrate * • • 

/ ^ (having a notched edge like a saw blade). 

Rule: Smooth edged leaves ,ar^e correct. 

The windows in which pictures appQiffed were side by side. The cor- 
rect picture was presented in a fixed pattern of random alterpation of 
right/left position. 'The randomness was restricted"^ by a requirement of 
a change of sides within the first four trials of a new problem. Those 
aspects of a problem which had not yet become rele>/ant werte) made to vary 

X • • • 7 . •. 

randomly between the correct an^/i^ncofrect picture. In thk Form task,' 

. for example, when triangles/^, ^ovals was the choice to be\inade, the 

^ \ triangles might or might not be red, 3 in number, or arranged diagonally.^ 

When the r^ile "tr:^angles are correct" had been induced, the next problem 

was introduced by a slide shov/ing a pair of pictures i&hlch ^ould not be 

distinguished by that rule. They both sliowed triangj.es, one set red and • 

One blue. Either might be 2 or 3 in number, and horizontal or diagonal. 

If the subject recognized the anomaly In this slide he must hav^ Induced 

the rule whiclf it violated and he must now see that he had a new problem. 

Solution of a complex problem came about by finding an invaifiant 

aspect of the varying figures and generalizing it into a rule which could 

guide choice in future trials. The rules were selected as ones which 

were comprehensible, to children of the ages of the sample and were not 

related to school learning. Mo letters or numbers were used. In the 

I Leaves taisk, technical terms are used here to describe differences between 
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types of leaves which are Visually quite distinct. Of course, the children 
did not have to know the terms in order to solve the problems* The 
crltetlon of solution was ,nine out of ten consecutive trials wrrectr 
If a subject failed to reach criterijDn in 20 trials, he was told the 
rule and then given 10 more trials on which he could be correct i^f he 
comprehended the rule. In this way,' he almost always had been correct 
10 times before receiving an anomalous slide signalling i hevj problem. 

The focus of interest of the study was on the Qpmplex problems. The--. 

simply task, in which the figures did not vary^ was presented as u^^^}^^^^^^ 

■ . •' ' - . 

contraojt. Its problems could be solved by identification of the correct 

■ . ■ / \ ' . 

figure rather than by rule induction. It ttfisr's -e^ipectQ^^ the 

children would be able to solve the simple pfolJlems.f ^ 

■ • . ■ 

.The Instruction task vas glvcx at the, beginning to teach Sdie subject 

about the procedure. It served to train him on the kind* of response v. 

required, to show him the feature o^* anomaly at introduction of a new 

problem and to serve as screening for children who could not do the tasks. 

In summary, the comfplex tasks presented several problems in a con- 

tinuous series of trials consisting of ^stimulus, response, dnd feedback. 

Each pijoblem was solved by induction of a rule from an invariant aspect 

of varying figures by which to choose correctly. If a child did not 

solve a problem, he was told the rule, and then went on from there. 

Within a task, each successive problem involved identifying a sub-set 

» 

of a set of figures which had previously been found to be correct. The 
problems were not planned to be progressive in difficulty, but to be 
approximately even. The simple task, by contrast, was planned to be 
soluble by every child in the sample. It consisted of traditional two 
choice discrimination problems. 
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A pparatus , ^ 

■ • . ' ■ . , ' '\ . ■ '" ' 

The apparatus for the study consisted of three parts connected by 

* '■ ' • < 

Gr^son-Stadler series 1200 programming equipment*^ The parts were a 
slide prg'34sctor> a response box, and a Grass model 7 polygraph. > 

•'The projector back-projected slides onto two ground-glass windows 
set in a vertical^ panel in the response' box. The slide for each ^;tlai 
^contained tv7o figures set f^r enough apart so that each showed in one 
Wi'ndoWi Each slide was followed by a feedback slide showing only the • 
correct figure for that trial. Ten different pairs of slides were, 
made- for each conip.lex problem. V/hen more than ten trials vere needed, 
the slides were recycled. 

Ah .the subject $Jit at the response b6>;, he saw two windows in 
front of him. They were set in a vertical paiiel Inset, deep in the box, 
BO that when he leaned in, his field of view* was confined by th^jg^dk»s 
of the box. He chose qne of the two pictures projected on the windows 
by pressing that vindw\ The windows were mounted on springs sa that 
they could give a lly:le v/hen pressed, closing a switch. Pressing the > 
window caused the slide projector to advance. The subject was thus 
informed of which picture was in fact correct. 

The polygraph was connected to the slide projector an^ response 
box via th9 Grason- Stadler modules. The events of slide onset and 
window-press^ response V7ere marked on its paper record. Response latency 
was measured as the distance between these marks on paper travelling at 
3 mm. per second. The experimenter marked each trial manually as correct 
or incorrect as it occurred. She kept count 'of correct trials until the 
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.crltcrloii of 9/10 was reached. She coi^d then move on unobtrusively to 
the first slide of the.'n'Rct problem. . 

The polygraph also recorded skin potential activity througTi a dc 
pre-amplifier frem silver - silver chl«jflde cup electrodes. One- electto.de-- 
was attached to the pabn of; the non-domlnant hand. The reference elec- 
trbde vas.plabed on the dorsal surface-of- the 'forearm. A. flat plate pG 
electrode was applied to the ventral surface of the forearm as a ground. 
The skin was i^repa>J^y vigorous rubbing with rul,bing Alcohol on a" . 
paper tissue. Electrbd^ere then applied- tt the skin and fastened with 
Scotch tape» The tape was an unconventioaal addition which was fopnd ta 
be both" effective at holdinf? the electrodes, and reassuring to the sub- ^, 
jects because it was familiar. ■ 

The subject; 8 wiggle in hifTchair was recorded 3n the polygraph_ 
throu^Ji a^'ramp integrator from a tr.ansducer made from- a phonograph 
cartridge whici^was taped to an air-fillcd plastic' cushion on which the 
^ subject sat. ^ 

%■ ♦ 

Procedure . . 

The study was conducted in a small room in the school. The room . 
was wired and fitted' up as a laboratory. Each child was brought to the 
laboratory for two sessions, in most cases on consecutive days. He was 
told that gadgets were, going to be put on his hand and that he was going 
to play a guessing, game. The subject was seated at the response box and 
electrodes Ure applied. This took about five minutes. The procedure 
was then explained by giving the Instruction task. The' subject was 
asked to make a choice between pictures of a coin and a key. He was told 
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the lacaning of the feedtjacU slide. Thein he chose between* pictures of a 

jiifferent coin and key.- After a few trials he was led to generalize to \ 

the rule that the~mbriey ' was"^^^^^ He , was then run to 9/V() '•cor- 

, . ■ " ^ ^ " ' ^ ' V. ■ 

rect without prompting. Next he was sho\TO an anomalous slide in which 
• ' •• - • ■ ' ■ ■ ' ^ ' . > 

both windows showed Coins. After Jearnihg the rule that the quarter- was 

correct, he x^as run to criterion on that prob^lem. ' * * ' . 

After the Instructian task, he was given ^he simple task, being 
told only that the pictures, would be different , but the procedure similar. 
That w^s £q1 lowed by a one minute rest period dutlng' whicti electrode 
placement was checked and slide trays were changed. N^sS,:h^ was given 
one of the three comjlex taska according to ordering determined by a. 
latin square. Then , electrodes were removed and,^ after being *asked to ' 
come back the following daj^, he was taken back to his classroom- 

The next day .^en the- subject returned; electrodes were 'applied 
and he was reminded of the procedure. The remaining two complex tasks 
were administered with a rest period in between. Each session l^stecf 
about one half hour., 

M and M candy w^s provided during' the sessions"./ A gift was offered 
at the end of the first session and given at the end <jf the second. 
Gifts were fake beards, mustaches, ^ al . for boys and toy watches or 

■SI 

jewelry for girls. The reasgn for giving candy and gifts was to counter- 
act anxiety about the procedure and to give children a positive f eeling-. 
about returning to the laboratory. In fact, being excused from the-'- 
classroom and playing a new game seemed to be adequate Incentives but 
the gifts served as thanks to the children £or participating. 
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Scoring, ap -^ i^^^tra reduction 
■ ' ■ - ■ - The" data record^ consisted of ■ the .three indicators referred to 
' in the title: ptrformance, skin- potential, and response/ latency, and 
; in addition a mbasure orwigglr in th^^^^^ The wiggle measure was ^ . . 
' "not' found to relate to -^robleth solving on inspection o^he records ' .S 
so it was not 'analyzed further. ^ 
.- All records were scored for the three indicktors. ^ 
. FerformariceWes consisted ^ of : 1. How many :complex problems each 
.■subject had solved out of llprobl^^^ Of those not solved, 

how maxiy 'showed that he performed correctly after being told the 
answer. '3. In solved problems, how, many trials took place before the 
beginning .of 'the run of correct trials, to criterion. - 

Response latency was Scored by measuring millimeters of paper travel 
'at the rate of , 3 mn^. P^r second between the mart for slide onset and that 
for window-press response.' Scores were transformed by a log transforma- • 
tion iil^order' to. normalize the distribution. , 
r Skin potential responses were measured in three ways: 1. -The maximum 

pen deflection during the six seconds after the subject pressed the window 
to respond was measured. .That period was used because it had been found 
in my earlier studies to cotftain the largest response to a trial. It had 
also been found in my second study that the diminution in response size 
after" solution of a. problem occurred primarily at that time. One might 
call it the-"solution"''measure.. 2.>The large response to anomaly at the 
mtro^duction of a new problem, however, did not occur after the window- 
^press." It ^e at the beginning of a trial in response to" the onset of 
the anomalous slide. For thfs reason, the trials at the ber,(inninB of 
new problems were measured not only after window-press, but also after 



ERIC ' 00427- \ 



elide onset. Thus, the "recognition" measure consisted of the maximum 
pen deflection during the whole period of A seconds after ^lide-oriset* 
and 6 seconds after window--pr ess* 3, The third ,slcin potential measure - 
vas a frequency count of responses to slide-jonset . As mentioned above, 
responses occurred to slide-onset, at recognition of an anomalous -or 
unexpected slide. . In older children and adolescents,^ noticeable resportses 
to the onset of a new slide were othen^ise rare. It wag noted, however. 
In inspection of the records that they seemed/ to^ appear much more 
frequently and erratically 'at other. times in the records of the youngest 
children:. Consequently ^ ^ frequency count was done on the occurrence of. 
responses to slide-onset during trials after solution .had taken place, 
when one would not expect them to appear. For, this .purpos*e, a response 
was counted present if the pen deflection reached a peak of upward deflec- 
tion and staytcd down during the period between the marks of slide onset 
and ?^indov7-^press response. Scores for the recognition arid solution 
measiy^a-^^^e transformed into standard scores (z scores> in brder to 
make scores of different subjects comparable. 

To summarize,, three variables V7ere scored. Performance -scores were 
\ number of complex problems solved and maximum number of trials before 
solving for each subject. Latency scores were log transformations of 
' distance of paper travel at 3 mm per second from slide presentation to 
response. Skin potential s^ution score pen deflection during the 

six second period after the subject's overt response at a setting of 5 

( 

mv. per cm." The recognition score in skin potential was mm pen 
deflection during the longer period of four 3econds after slide 

' - ' ■ • ^. 0 0 428 



presentation and six seconds after the subject's response. A third 
score for the skin potential variable was a frequ6ncy count of responses 
to slide presentation after having solved. For this purpose, responses 
were counted if they showed a peak of upward deflection during the period 
between slide presentation and response. Size of the deflection was 
not considered for ,the frequency count, ^ . 



' ■• 0 0429 



Results and Discussion ' ^ 

Analysis of the data was ainfed at answering several questions. The 
first was to see if children of these ages would show the latile period 
by patterns of increased reactivity at recognition of problems and a 
corresponding decrease at solution. The next questions were whether 
differences in skill -or sex within an age group were related t^ differ- 
ences in the pattern of reactivity. After comparisons were. made for 
children within one grade, differences between ages were examined.- 
Next» relationships among the three measures were investigated.' Finally 
support was ..sought from the findings for inferences about cognitive 
processing and a stage theory of cognitive development. 

ft » 

' The Labile Period - Three Indicators 

Performanc.e 

Before looking into results on the/ children ^s reactivity, we must 
look at the performance measure. Solution is defined by error-free 
performance, so this indicator sets the boifnds on the labile period. 
Performance results show a continuous* improvement in number of complex 
problems solved V7ith age as might Ve expected (figure 1). Contrary to ^ 
my .expectation, all children did not solve all the simple problems 
(figure 1). The complex problems did turn out to be well planned in 
difficulty for the group of children. There :}.s no evidence that subjects 
fo'und them all too easy or too hard. The different problems did not 
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prove to be equal In difficulty, however. Some • were solved by very many 
children, some by very few. But none was solved by every subject and 
none wa3 failed by every one, I have not "attempted to analyze the 
subjects* responses to the content of specific problems. ' , 

When maxtmum number of trials before the event of solution fpr each ' 
child V7as examined, a continuous improvement with age was not f/und (Fig- 
ure 2), Instead, kindergarteners solved quickly or not at all, vjhlle 
almost half of the 2nd graders and 4th graders could solve after a 
longer series of trials. The finding contradicts the common-sense expec- 
tation that younger children would solve more slowly • It seems a& if the 

■I 

5 year. olds must think of the correct rule almost immediately, if they are 
to siicceed in solving, whereas older children may discard one or two 
possibilities which do not vzork before solving by the correct rule. Three 
kindergarteners x^ere omitted from this analysis because the trial of last 
error could not be determined in their records, 

y * 

Latency of Overt Response ^ 

^e can now proceed to an examination of results pertaining to the 
labile period. It has been hypothesized that when a subject does not 
know which choice to make, he pauses before responding; his response 
latency is relatively long, VThen be is certain of which choice to make 
because he has figured out the rule governing the problem, he can respond 
more quickly, i . 

Change at recof^nition . In order to document the expected change -in 
latency at recognition ^of a new problem, responses to the first trial of 
each new problem were compared to those of the preceding l^-"-^^ •'■^ 
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unbroken series. A change score was computed for each subject by sub'-' 
tracting the score for the preceding trial from the score fotr the 
anomalous trial* Of the total of 11 problems offered, thread began at 
the beginning of tasks and jimild^^^ietHjenised^ each subject* had eight 

..... nr 

recognitions of complex problems to be .averaged. The null hypothesis 

\ * 

would predict noi mean change because chance differences between latencies 
on these two trials would average out to zero. 

A* marked increase in latency was found for all ages at recognition 
of a complex problem (Table 1, Figux;e 3). Matched Jt tests comparing the 
change scores with zera were all highly significant (p < .001). The 
change is depicted in Figure 3 as a steeply rising slope &t all ages. 
No difference is evident between ages. At all the ages tested, the sharp 
increase in latency supporto -the inference that the subjecta noticed the 
anomalous character of the slides introducing- new. problems. 

It is worth noting' in passing that the overall positioning^ of 
latencies on the graphs iti Figure 3 shows the rejgular diminution of 
latencies Mth increasing age. Thi& phenomenon is generally known and 
accepted as a developmental trend for children of these ages. 

Change at solution . Decrease in response at solution is harder to 
pinpoint because in a two-choice paradigm one has a fifty percent chance 
of being right by chance. Therefore it often seemed that the experience' 
of solution occurred on trials later than the one following the last error. 
For this reason four trials wore averaged which v/ere planned to surround* 
the moment of solving. They included the trial before the last error, 
the last error trial, and the tv;o trials following. .The mean of these 
four trials was compared to the mean of the four trts^Q immediately fol- 

Xowing which were all correct and occurred during the criterion run. 

% 
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Changes in response latenp?y .at repognition and 
solution of problems within "school grades 
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The difference between these means was taken as the change in latency at 
solutiod; the mean change score. Here again the null hypothesis pre- 
dieted no change on the average* 

Mean change scores were found for each subject by averaging his 
changes in up to four solved problems. It was necessary to use only 
those problems which were solved after the second trial in order that 
the trial preceding the trial of last errcn: not be the recognition trial 
at the beginning of the problem. Since many problems were solved on 
the first^or second trial, this restriction reduced the number of problems 
available for Analysis , but 45 subjects provided change scores on at 
least one problem. / . • 

Fourth and 2nd graders showed the mature pattern of decreasing 
latency at ooluticn (p < .01)*^ The decrease was not significant for 
kindergarteners (Table 1)^. The solid lines at solution in Figure 3 
4epict the slope of the changes at solution for each age level. These 
results taken with the recognition changes show the expected increase at 
recognition and decrease at so-lution which bound the labile period. The\ 
period identifiable at ages 7 and 9, but not yet at age 5. , 

Change without solut ion. The ch^ges at solution 'were contrasted with 
comparable^, parts of unsolved problems v;hich were expected not to show 
decreases. Unsolved sequences consisted of eight trials taken from 
problems in which the subject ran to 20 trials without solving. The 
exact eight trials to use was selected by matching to a solved ^sequence 
for the same subject. For examt>J.e, if a solved sequence was used in which 
the last error occurred on trial 6^, Ehe~*^^s^quence included trials 5-12. 

^ ' ' 1 / . • 
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Trials 5-12 of an unsolved problem were then bhosen as an unsolved - 
sequence for that subject. From one to four unsolved problems were 
. averaged for a mean unsolved change score for each subject. ' . Z 

. Since the unsolvejl sequences were by definition sequences before . 
solution had accuri&, the subject should be working on the problem and 
be In the labile state during that time. It is hypothesized tliat his 
latencies should be continuing to be long without any trend to increase , 
or decrease. This was found to be the case for 2nd and A th graders . 
(Table l)j Thefe was no significant charyje during unsolvej sequences. 
Figure 3 fcs the continued high, level with little. change in slope.. 
Kindergarteners, however, did show decreasing latencies in unsolved 
sequences (p 05) . 

If the observed changes at solution were'' really due to the internal 
event of solution, the change at solution should be significantly different 
from any chknge which might occur in matched; sequences without solution. 
Comparison of decreases in solved versus unsolved sequences reveals such 
differences (p < .05) in the records of 7 and 9 year olds, but not i\\ 
5 year olds (Table 1). The collusion can be drawn that for, the older 
V^ildren, the labile state does exist and holds uptil solution; that the 
Ydecrease at solution is due to the cognitive event lof solving rather than 
to some other change oVer time, ^or 5 year olds, on the other hand, 
latencies diminished after the initial surge at recognizing a new problem 
. whether or not the child solved the problenf. The labile .pdriod began for 
thpm as for th6 others, but they could -not maintain it. A decrease , ■ 
occurred over time independent of solving the problem. 



■ Change on being told . Another set of trial's .was contrasted -'with 
those in vzhich. solution took place." These problems axe referred to here- 
after as "toW problems. They are problems i-n which the rule' was told 
to the subject and he was then correct for ten trials. These problems 
were solved by the performance criterion but not spontaneously. It was 
expectjDd that decreases in these problems would be similar to those in 
which solutibnVas spontaneous. ' The told sequences were chosen to 
correspond to solved sequences. Tv/o trials before being told were 
averaged 'i^ijjv^^o trials afterwards,' These four were contrasted with 
the four following trials. Up to four told sequjjnces were averaged per 
subject to obtain his mean told change score* 

When they had Ucen told the rule, latencies ot 7 and 9 year oldo 
tended to decrease but not so sharply as when they solved for thcrisclvcs. 
The changes did riot reach significance (Table 1)* The-told changes arc 
seen as dotted lines in Figure 3 contrasting with the solid lines of 
spontaneous solution. Five \^ar olds ehox^ed a decrease {p < .05) when 
told the rule. The slope of change (Figure 3) can be seen to be very 
similar to changes in solved and unsolved sequences. A comparison of the 
Change at spontaneous solution with that at being told reveals no ^ 
significant differences betv/een the two conditions at any agfe (Table 1). 
These findings are consistent with expectations for 2nd and Ath graders. 
For kindergarteners, t>iey reinforce the conclusion LhaL those subjects' 
latencies diminish irrespective oi the state of solution of the problem. • 

Their pattern appears to be an increase in latency on recognition of a 
^ ..." 
problem followed shortly by a djccrcanc vrhothcr or not the problem is solved. 

A more detailed ixjLcture of tftp pattern of^solv:|.ng is given by 

w V t 0 u 



»l?lal-by-trlal graphs (Figure A).' The rise to an actlyational peak is 



not^eyident^^^^^^^ the post-solution decline;can be seen at all ages.- The 
> year^'oli^^hotvW^a^ decline when they were* not solving during 

the period ^In vzhich older, children maintained their long J&atencies^ 

To- suiranarize the f indings on changes ^in-±atency at recogniti)i^ and 
solution, the labile period was found In 7 and 9 year olds. They • 
showed increases in latency at recognition, continued long latencies 'until 

solution; at which point, the latencies ^diminished. For the^e older 

children unsolved ^eqixenqea^izfiire^^i^^ from solved 

sequences, strengthenfng the inference^ that the post-solution decrease 
was related to the cognitive event of solving. T^h|mthese chi-ldren were 
told the rule instead of inducing it themselves, thejT tended to shorten 
the latency of their responses but. not significantly. The expected pattern 
of lability duririg problem solv^^ftgv/as present in these children, ^ 

The 5 year olds present^ a different pattern. They produced 
increases at recognitions large as those of the older, children, but 
long latencies were not riaintained. Dimijiutions of about equal size 
occurred whether a problem w^s solved, "told, or not solved. Ifcan be 
concluded that the change at recognition shows that the latency measure 
►does reflect cognitive functioning and the children did recognize anomaly 
In this situation. However, they did not appear to be'able to maintain 



the labile state in trying to deal with the anomaly. Their pattern was 
one of a peak' of latencies followed by decreases with or without solution. 
The decreases' must have be^n due to something other than the act of 
solving the problem. ^ . 
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Am plitude of Skip Pnfpnflal Response .. ' 

Indications of a labile period are also expected to be found in 
chai^ges, in amplitude of skin potential response-. The expected pattern, 
is similar to that fot changes in latencies except that there is some 
evidence from Germana and ^other? that during the period before solving, 
the size of responses will tend to increase instead of staying ab'out 
the- same as was the case with latencies. 

nj^q5_at reco gnition . . A change score was obtained as it was for 
latency, by subtracting the ampUtude of the response to the trial prior 
to the anomalous trial from the amplitude recorded on tlie anomalous triaT T 
itself. A mean score for the change for each subject was computed. 
Group-means were then compared by t test to ..erd change predicted 'by 

the nuH hypothesis. 

. Increases were found. They were significant in Ath grade (p < .05) 
and kindergarten <pT. 01) but not Tor 2n^^rad^TabIe 2) . Figure 5 . 
displays the changes |ra^>hically . Even in 2nd grade, a tendency to 
increase is apparent in the Figure. 
- ■ nhan.es in solved ,__ungolvei. and told. sejLUgncgs., The change scores^ 
were the same as those obtained for the lateftey variable. The mean of • 
four trials after solution was subtracted from the mean of four trials 
• surrounding solution, of which the triafjof last error was the secbnd'. 
The same sequences were used for these analyses as for latency. T tests 
were performed on group mean change scores. 

The expected decline after solution was found for Ath grade (p < .05), 
.. but not for the two younger groups .(Table 2). Both 2nd grade and kinder- 
• garten produced non-signific^int increases Instead of the predicted decrease 
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Table 2 



Changes in skin potential response at recognition 
and solution of problems' within school grades 
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(see Flgurqj 5). So only the 9 year olds exhibited the mature pattern 
of the labile period Iri the .skin potjentlal measure. Neither a significant 
rise In reactivity nor -a significant decline was found in 7 year olds. 
Five year olds produced the Increase at recognition, but not the post- \ 
solution decrease. 

No significant changes were found in the course of unsolved sequences. 
Figure 5 shows a tendency for response size to increase, especially in 
the oldest group, when solution failed to take place, - 

When- the subjects were told ^:he ansv/er, all ages showed a subsequent 

decline in reactivity. This was not a significant change for the oldest 

and youngest groups, but the 2nd graders produced a sharp decrease (p < .01), 

in this condition (Table 2). Thus, the V year olds, who did not decline 

on solving for themselves, did so strongly when tbey were told the rule. 

The occurrence is hard to interpret. I would only speculate that perhaps 

this equivocal ^finding is a sign of the emergence of the mature pattern, 

but that It is still unstable and erratic at this age level. At age 5, * 

by contrast, the mekn change in solved, unsolved, and told sequences was 

** ■ 

always close to zero. Kindergarteners' records showed erratic chaiiscs 
which cancelled each other out in the averaging. Such changes seemed 
unrelated to solving.. As with the latency measure, the onset of a labile 
period is apparent"* at recognition but it must fade quickly in 5 year olds. 

Figure 6 shows the detail of trial-by-trial changes in skin potential ^ 
response size. A curve v;hich might be seen as an activational peak was 
produced by the 4th grade, but it did not peak at the trial of last error 
80 it £s not a cle^r replication of Gerrnana's (1968) hypothesis. Thc^ ' 

' ' • / • 
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post*-solutlon decline is evident for 4th grader^, and for 2nd graders 
when told the rule. Kindergarteners exhibited^erratic variability. 

In summary, the mature* pattern of reactivity, in the skin potential 
measure was found- only in 9 year olds^-. They produced the expected rise 
at recognition, continued high and rising amplitude while working on . 
the problem, and the post solution decrease. In 7 year olds it may have 
appeared in equivocal form with a rise but not to significance at recog- 
nition, and a decrease after having been told the rule, but not after 
having solved spontaneously. In 5 year olds, the -onset of the labile 
period a^eared, but it was brief. There was no change in response size 
associated' with the cognitive event of solution. ^ % 

Skill Differences 

■^An attempt x^ac made to separate the effCiCts of skill differences from 
those of age. Skill is defined by performance on the tasks in this study 
without reference to any external measure of intelligence or school 
achievement. The five subjects v/ho solved the most problems in tlielr .gradi 
comprise the high skill group. The five who solved the least make up the • 
low skill group. Looking at Figure 1, It can be seen that the most highly 
skilled kindergarteners and the least highly skilled 4th graziers- both 
solved eight problems. On the"^basis of similarity in age, on? would 
expect highly skilled kindergarteners to show -responses like low skilled 
kindergarteners. On the basis of brightness, they might be expected to 
be* like highly Skilled Ath graders. On the basis of performance, they 
should resemble low skilled Ath graders. 

Analyses of covariance were performed to look at the effects of skill 
on -the two measures with the effects of age partiallcd out. The results 
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were negative. F<1.00 for latency changes- at recognition, solution, 
and unsolved sequences. F = 2.56 (p < .12) in sequences in.which the >^ 
rule vas told, to the subject. In skin potential, F 1^^1,00 for changes ^ 
at recognition and solved and told sequences. F 2.51 (p < .13) in 
unsolved sequences in the skin potential measure. It concluded that 
mean changes did not differ, significantly betwQen high and ibS? skill groups. 

Detailed .comparisons were then made oh the groups of five high 
skilled and five low skilled subjects within each grade. The groups 
Wfere to^ small far significance testing but by looking at similarities, 
at least one can make guesses about whether skilf or age differences are 
the primary causes of differences between groups. 

In the performance criterion of number of trials before solving, 
high skill subjects at each age tended to solve later than the low skill 
, groups of the saiue age (Figure 2), The only kindergartener whose ma^tinum 
number of trials before solving was above seven was in the high skill 
group. So skill seems to be related to the ability to' solve af ter' a^ 
delay, but age looks like a much stronger determinant than skill. 

The latency findings for skill groups showed few striking differences 
between the high and Ipw groupd (Figure 7). High skilled subjects tended 
to show the pattern of the labile period more strongly tlian low sTcilled 
m'^bers of the same age gro^p. Note (Figure 7) the larger decreases at 
soLution for high skilled Ath and 2nd graders, and the tendency for - . 
high skilled kindergarteners to hold long latencies better when they 

4 

fail to solve*. 

Skin potential response changes were also similar for the most part, 
. considering the greater variaBllity in general of this measure (Figure 8). 



t 
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Two notable differences between skill groups can be noticed, however. 
The 4th grade low skill group produced no increase at recognition of a 
new problem^ in contrast to all other groups in both measures. No explana- 
tion is offered for this. I cafi only interpret it as a chance occurrence 
in a. small B^^QUP^ -The other obvious difference in amount of change 
between high and,, low skill groups was in th^jwisoOsied sequences of 2nd 
graders. The high skill group showed a large increase like that of the 
Ath grade. The-low skill group, by contrast, shewed a slight decrease- very 
similar to kindltgarten. De.spite the small groups and lack of significance 
tests, it is tempting to interpr|;: the difference between skill groups 
fn 2nd grade as a develijpmental change; the more skillful children having 
achieved a more raatufie pattern of reactivity v/hile working on a problem 
while the less skillful are still reacting like Wnrlnrgprtfinerr.. The 
notion is offered as a speculation without statistical support. 



Sex Differences 

No differences were apparent between the sexes on inspection of 
results, so sex differances were not tested further. 

Age Differences 

Comparisons have already bepn itiade between ages. The 9 year olds have 
been found to have achieved the mature pattern. The 5 year olds have not. 
The 7 year olds have shown it |n the latency measure, but not clearly in 
skin potential. As wel^^as thbse comparisons, mol^c formal statistical 
compj!ri§ons were mV^c of the differencefi between mean changes and their 
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variances of the thvec age groups. Analyses of "variance and planned 
comparisons betwaeii pairs "bf means were performed to test diffocences 
between mean changes of the groups^? tests- were ^performed to -compare 

the variances arounk the mean changes of- the groups. * 

f ■ . ■ * 

Looking first at Table 3 for age comparisons in response latency, 

the analy^Sis of variance revealed no significanct differences between 
the mean chang^es of tlie groups at •recognition or solution. A 'glance back 
at Table 1 shows |that the mean changes v;ere in fact vary similar. Thei 
outcome qf planned comparisons between pairs of mean changes corrobora'ted 
the negative finding. • . t • ^ 

So a development has been bbserved in the pattern of changesvof • . 
reactivity, but it is not reflected in differences between the mean 
changes for dif f erent^^ups. I-et us look than at the parameter of 
variability around the means, since the developing characteristic v;ith , 
age has seemed to be a change from erratic variability to increasing 
regularity of change. In the Table of Comparison of Variances in Table 3 
differences emerge. The latencies of /»l/h graders were less variable 
than 2nd graders as they decreased in solved and in unsolved sequences 
<p<: .05). They were less variable than kindergarteners as they increased 
at recognition. and decreased in unsolved sequences (p < .05) and sdl^ved 
sequences (p < .01). It is worth noting that, although the mature pattern 
appeared in latency at age 7, the significant decreases in variability 
occurred- between ages 7 and 9. The interpretation can be made that the 
pattern- was emerging, at. 7. but was still unstable. Ry^ age 9. it stabilized. 
Inspection of tte results for the skin potential measure shows tHfem 

« 

to be.conoiatent with latency. Analysis of variance and planned coniparlsoti 
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Changes in resposne latency at rcGognUlon and 
solution of problems between school grades 
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vn, 2nd vs, K . 
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Comparison of Variances 

Grades 
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Ath vs. 2nd 
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Decrease at -5.67* p< .05 
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Ath vs. K 

F Si^L. 



3.33* P < -05 

8.33** p < '01 

3.33* p-^.OS 

2.20 




I 



of mean changes were all negative except for one comparison* Tendencies^^ 
to differ are evident in amount of decrease at solution but the differ- v 
^nces did not reach significance. In this measure, as well as in latency^' 
the striking difference among age groups was not in their mean change's. 

Comparison of variances for skin ^potential (Table. A) did not show 
the regular decreases with age found in the latency measure. Fourt^h 
graders showed les6 variability in their decrease at solution than did 
kindergarteners (p<i .05). However kindergarteners showed less vari- 
ability, than both older groups (p < .05) in^solved sequences. Once again 
it seems reasonable to con^nde-irh at wh ile t he o l d est children sbovzed ^ ^ 
reactions to the demand's of. the problems to be. golved, th^ responses of 
the 5 year olds bore less .relationship to the course of problem solving. 

To summarize the. age comparisons, no statistical differences were 
found among mean changes ^etween the three age groups^in latency or skin 
potential response V7ith one exception. Differences were found, in .the 
variability of the changes. In latency the changes, both increase at ^ 
recognition of a problem and decrease at its solution, became more regular 
less variable — in older subjects. Skin potential responses became less 
variable in their decrease at solution with age-, but more vartable in 
sequences where solution »did not occur^.' Perhaps Ath gradexs had settled . 
Into a pattern of stable change at solution and wide variability when they 
could not solve, whereas kindergarteners were varying" erratically for 
Yeasoris not related to problem solving.. . ^ 



Table 4^ ^ 



' Changes in skin potential response at recognition and 
solution of problems betv;een school grades 



Variable 



2nalysis of Variance 
Ath vs. 2nd vs« K _ 
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.0.15 > 



ns 



0.44 



ns 



Note: These F tests arc^based on the null hypotj^esis* s younger"" ^ older 
If the ratio of variances is reversed, younger subjects are found to have 
variance in unsolved problerrls: 2nd vs. KjF-3,00, p< ..05;-4th vs, K: F-6,44; 
p <, .01. -■ . ' .. ' r r 
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\ Relationships among the Three Indicators' - * 

ft 

Correlational analyses were not done on the three measures. The 
degree of relationship betweep performance and each of the covert measures 
was assessed by the significance tests reported. above. If a response 



detreased In size regularly a(t solution of problems, when solution v/as 

' * . ■ •■ 

defined by performance, then that response was taken to be related to 
performance.,^ I;atency and skin potential response were compared simply by 
infection the results to see if regularity in changes in latency 

-paralleled r egular <:hi^ng fis^in_th&Iskiu,potentl variable. ' 



Comparison of, the three measures revealed a strong .relationship 
among them at. age 9. V Both covert, measures '.were significantly related to 
performance at that age. ' Latency showed d stronger and less variable 
relationship to performance than did fekin potential. .The only consistent 
difference between the t%TO. covert measures in Ath graders was the tendency 
for skin potential response to increase during an unsolved sequence, where- 
as latency held ?in even level on the ave»;age. The skin potential change 
did not reacli significance though. . 

Children of ^11 ages showed sharp increases in both cpvert .measures 

J ■ 

at recognition. Second graders showed a decrease after solution in latency 
and after being told in skin potential. Kindergarteners" showed decreases 
in latency independent of solving, and no changes in skin potential asso- 
elated with solving.- The fact is true for both variables, that solved 
arid 'Unsolved sequences of 5 year olds ware Indistinguishable whereas fcr 
older children the tv/o kinds of sequence were significantly different. 
• In general, it can be said that skin potential is a more erratic and 
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variable, measure than Response latency. This may b6 because. It Indl- 
cates all kinds of other -physiological events going on in the body as 
veil as the cognitive events being investigated, -The surprising con- • 
elusion i however, is not how different but how similar changes in the 
two responses were. during the !^ course of problem solving. The information 
processing interpretation is strengthened by the similarity. It would 
not be likely to havfe occurred by chance. In future studies, it would 
Beem reasonable to measure only the latency variable since it is both a 
stronger, more direct measure of^cognitiye processing, and much simpler ^ 
to record.^ * 

Cognitive Inferences 

'Haying examined th^" results for each response system separately, let 
us turn now to inferences about information processing capabilities vzhich 

can be drawn ftom evidence jfn all measures. ^ 

. . • - <j 

'* Stop Rule Infer^fice » ^ 

First it will be inferred that an open period exists at all ages 

examined, but that in 5 year olds it is brief. A stop rule is activated, 

whether or not solving is successful, which terminate^ cognitive 

processing and causes the child to exit from the problem. By the age of 

9 the child is able to hold the open period, so the stop rule is related 

to successfuj>*polution. 

Performance evidence . Many problems were solved quickly, on the 

first or second trial, by majjy |children at all ages, but v;hen one looks 

at how ^slowly a child can solve, onp finds age differences. Figure 2 
.* 'i» . - • 



records each child's slowest solution; that problem on v/hich he ran to 

the, greatest number of trials before his last' error but did ultimately 

solve; The striking fact to be seen in the graph is that while 4th - 
\ . ■ •> * 

> <^ . * ' . • 

and 2nd graders were indistinguishable kindergarteners, with one • 

exception, solved in the first few trials or not at all. This is the 

first piece of evidence for abrupt ex^t from a problem- by. 5 year olds 

with or without solution. There seems to be. a shift of level of 

functioning between ages 5' and 7. 

A tiomparison of high versus low skill showed a slight trend for the 
high skill' group t-o be a1)le to solve mpre slowly, but the skill difference 
was not as sharp as th^age dlf jleren.ee (Figure 2). . 

Response latency evidence . Evidence for differences* in ability to 
hold a labile state can be found in the covert rccponcGs as well. The 
decrease at solution, which. in ^he older children \^as significantly dif- 
ferent from the lack of change in the unsoJ.ved casesj was seen in kinder- 
garten children to appear with equal slope whether the child solved, 
failed to solve or was told the answer (Table 1, Figure 3). 

Here, again, the 5 year bids were seen to lack an ability to hold 
long latencies which is present in both 7 and 9 year olds^^ Something 
stopped them and forced them to exit from the problem'. This is another 
piece of evidence for a discontinuous shift in level of functionii^ 
between ages 5 and 7. 

^ Skin pote nti al eviden ce. Inspection of Figure 4 depicting chaij 
In skin potential reveals a similar picture. All groups showed equal 
response to recognition of a problem, but at solution kindergarten was 
different from the older groups. No change is evident whether the 
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5 year olds s<}lved or not. The open period of responding to uncertainty 
was momentary. Thereaftfet, they did not seem to recognize the continuing 
uncertainty of the situation when they failed to solve, or the decrease ' 
in uncertainty when they did .solve. They seem to havB stopped working 
on the problem, '* ^ 

' Vhen high and low skill groups were compared, a difference v;as 
noted in skin potential response to unsolved problems in 2nd g^^ers 
(Figure 8), The difference approached significance (t «= 2.03 p < .08) ' 
even in groups of five children. The high skill group showed an increase 
similar to those found in 4th grade, x^hile the low skill group showed • 
little change like the younger children. One can speculate that the 
more highly skilled 2nd graders had passed the transition to the more 
mature ctajje and had achieved the ability to delay the stop tulc an(^ 
maintain their openness when they had not yet solved in order to work on 
the problem, whereas the less skilled .2nd graders were still in the stage 
of a brief open period with the kindergarten, and exited from the problem 



even if they didn't' solvejO Once again the pattern of a shift to a higher 

level of functioning appears at about age 7 with the suggestion that skill 

interacts, with age at the transition point, but is o|herwise Unrelated. 

Summary . In summary, the first information processing inference 

that at 5 year^ of age processing is severely limited by the intrusion of 

a stop rule which forces the child- to exit frdm a problem after a very 

brief interval. He showed it in performance by solving problems quickly 

ot not at all. He shov;e^ it in latency of response by diminution in the 

h 

interval available for processing after a few trials whether he had . 
solved or "not. He showed it in skin potential by a lack of changes 
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related to solving and continued erratic large responses unrelated to 
eolvlng. Older .children seemed to be able to inhibit the stop rule. They 
could mobilize the resources of their bodies in support of the information 
processing system thereby making possible sustained cognitive effort. 
The evidence suggests that emergence of the ability to inhibl,t the stop 
rule is a discontinuous stage shift rather than continuous development. 
Skill enters as a factor only at the time of transition from one stage 
to another. • ' 

Inference of Shift of Search Plans , 

A second Inference can be made and supported by evidence. Although 
the procedure was identical for all subjects, children of different ages 
saw themselves as engaged in different enterprises.- It was pointed out 
earlier in this paper that the tasks are made up of problems which in turn 
are toade up of trials. The.younger children, while ax^are of problems to - 
be solved, saw their prima^ task as responding to pictures by pressing 
a vrLndow. The older children, however, while aware of the requirement to 
respond to each trial, saw trials as instrumental to the principal task 
of solving problems. The results can be adequately interpreted, not in 
terras of different levels of success at the same task as the children 
d«Svelop, but only when it is Seen that, given the same^ procedure, they 
are involved in' different activities at different stages of development. 
Their behavior is governed by different search plans. Again a shift of 
developmental stage is indicated. 

Porfort ^nce evidence . Kindergarteners were different from older 
children in their performance on the tasks. Tliey seemed content to press 
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nitely even though 'tbey had not solved. They ottf^n 
.gave evidence of playing other games than the one set for them. This 
was never observed in 2nd and 4tb gfaders, . Examples of other games were 
"ceny, meen^, miney, mo", and "is it paper? is it iron?", or playing 
peek-*i-boo with the experimenter around the edge of the response box. 
Five subjects responded consistently by , position, usually pressing: the. 
right-hand window repeatedly. ^ " 

There was also evidence of inattention to the task, although the 
windows continued to be pressed. Several subjects talked about irrelevant 
matters. Tv7o showed evidence of solving and then seemed to let the 
solution drift away and be forgotten. Four children made frequent impul- 
sive errors atter having so(ved, apparently due t6 inattention. 

Many of the children did not seem to grrasp the concept of the task 
clearly. VJhen questioned about an error during the instruction task one 
said, "I wanna lose sometimes, too". Another said, "I tricked it." Five 
children showed reversal instead of solution. They responded consistently 
wrong. They were making the required distinction on every trial, but 
were not able to use the feedback information in the expected way. These 
observati^s are very familiar to investigators who work with 5 year old 

children. ^ 

The presence of other games suggests that the 5 year olds perceived 
the task set iox them as being to respond to pictures They felt free to 
organ^^ze the series of responses in any way v;hich occurred to them. They 
were operating by what I have called a response plan rather than a searth 
plan.' The drifting in and otft of cognitive organizations suggests that 
the sequence of responros V7as only loorely Connected ±x\ the children's 
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ttinds. The continuity of processing might lapse between trials. Informa- 
tion seemed to be being processed in a linckr fashion as it came in 
trial by trial. Memory of previous trials was evident, but trials were- 
not yet firmly cohnected as events instrumental to an over-riding problem. 
They might start a problem under the guidance "of a linear search plan.and- 
then exit from it to a response plan. y 

Latency evidenc e. The response latency' measure shQwed parallel 
decrements in latency whether a 5 year old solved or no^, in contrast to. 
significant differences between solved and unsolved problems in 7 and 9 
year olds (Table 1 and Figure 3) . The decreases were significant in both 

the told and unsolved conditions. The null hypothesis of no change is 

a 

disconfirmed. A chaaige did take place with and without solution. One is 
forced thenj to conclude that the Undergattencrs colved within their ovm 
game rather than th.e experimenter's game. UTiether their solution were 
position Jresponding, "ceny, meeny, miney, mo," or deciding to "lose 
eWtimes, too", they settled on one which fitted the requirement to keep 
on pressing windows and which reduced the uncertainty of the situation . 
Ipr them. 

Skin potential evidence . It was sho^«i in the second study by the 
author that at rec^nition of a new problem, adolescents showed significant 
increase in skin potential response to the event of slide onset whereas . 
at solution, the significant decrease occurred to the feedback event. The 
present study used that iiiformation to the extent tl4t response to slide 
onset and feedback were measured in assessing increase at recognition, but 
later, there being little response to the slide, only response Up feedb-^ck'^ 

• ' if 

was measured. 
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The kindergarteners were found to continue,, much more frequently than, 
others I to give Intermittent large responses to slides even after having 
solved the problem. This is interpreted as continuing to respond to slides 
as though they contain unexpected information. The frequency of responses 
to slides v/as counted fiorltrials after the last error irt all solved 
problems. The information^rocessing hypothesis V70uld predict that such 
responses would not occur after solution. They did occur in fact for all •* 
groups (Table 5). 2nd and 4th grade proportions look very* similar in 
overall proportions and in range, although 2nd grade shov7s a slightly 
vider range. Klndergarteri, on the other hand', had only one individual 
whose proportion fell bclox^ the overall proport;Lon of the other two groups, 
and conversely , they had only one member who exceeded the overall kinder- 
garten proportion* The distribution of 5 year olds' iproportiogs must be 
distinctly different from the other t\jo groups v/lidch appear to be indis- 
tinguishable. Once again the pattern appears of change .between ages 5 and 
7, and no change between 7 and 9. Unfortunately JErtests for differences 
between proportions v;ere not feasible according to a rule of thumb that 
the smaller of p and, q times the smaller n should be at least 5 (McNemar, 
1962, p. 60). This condition x^;as not met by thcs^ figures. I'Jithout a 
test of significance, hox>;ever, it can be^secn that the proportion of 
responses to slide was definitely higher among kindergarteners. 

Vlhen skill groups were compared, skill was found to have little 
Influence compared to age '(Table 5). 

It can be concluded from this, that all children did show some response 
to slides after soluti<)n. However, 7 and 9 year olds responded/ in skin 



t potential r^isjKmse to only 1/5 of such slides as if they were unexpected. 
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Table 5 



Frequency of skin potential responses to 
onset of slides after solution 



Group Proportion: 
Responses to slide 
on^et / Number of 
trials 

Range of individual 
proportions: 



Ath grade 
.20 



Grades 
2nd grade* 
.22 



.08 - .34 



.07 - .38 



Comparison of Skill Groups 



lligh Skill 
Group Proportion: 

Low Skill 

Group Proportion 



4 th 
.20 
.22 



2nd 
.20 
.23 
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whereas k^^fdergarteners responded this way to over 1/3. It must' be that 
/"I 

/ efee kindergarteners were seeing slldfes more often as new and interesting 
events rather than as redundant instances of a solved problem.. 

The Immature stage of responding primarily to a problem as a sequenc 
of trials can be interpreted according to our model'^of processing as the 
level of linear sequential organization of a search plan. One cognitive 
operation is performed on each trial with only loose connections between 
trials. This makes it possible for solutions to drift in and out of the 
subject's attention. It also explains his erratic large responses to 
slides after solving. He could be responding to some new attribute of a 
slide v;hich he had ndt processed before. The loose connections could be 
broken by ^e intrusion of a stop rule, terminating the control of the 
search plan. A response plan would then take control of behavior. 

The more mature stage was described^ as a nested hierarchy made up of 
the s^ame component operations; but now made into an integrated organiza- 
tion with the definite goal of solving a problem. Presumably the subject 
had become able to consider several different attributes of figures. He 
could process information from the dimensions of color, form, and number 
without loping track of his overall goal of finding a rule that works on 
every trial. The evidence from this stu^ does not prove that he v;a9 
doina so. He was not asked what strategies he was using. But the fact 
that latencies stayed long, that skin potential responses stayed large 
• and that many trials sometimes passed before solution, indicates that the 
Subject was continuing to process^ some sort of information related t;o the 
problem. The fact that these older children reacted loss often to a slid 
as novel after having solved can be interpreted as a sign that they had 
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processed the vays in \7hich the figure might vary already, so it was 
unl^^ely to contain unexpected'^elements. The findings are consistent 
with, but do not show conclusi'viely that a stage shift from sequential 
to nested^ processing ha^ taken placci ^. 

SuTiimary of Results and Inferences 

Results / 

To summarize what has been found: a labile period was found in 9 year 
Olds which continued from recognition to solution of a problem. In 7 year 

r 

olds it was present but erratic, but in some measures, more evident for 
mote skillful solvers. In 5 year olds^iere was a momentary surgcf of 
response at recognition of o problem but labl31ty.rUd not continue until 
solution. These results appeared in both the latency and skin potential 
variables, more strongly in latency. 

, ■ . ' ■ ■ ■ 

Ti-yo Cof> nitive Infer ences, • ^ 

Cognitive hypotheses were put forward -^-/hich are supported by the 
findings outlined above. First, the 5 year olds V7ere found to stop process- 
Ing the problems almost immediately which meant that if they didn't Golve 
at. once, they were unable to solve at all.. This inference can be related. 

* to the rather vague notion of attentidn span, but these data do not dis- 
tinguish between aistopVule determined by elapsed time and, one determined 

'by number of hypotheses tested by the child. The concept of attention 
span seems to imply that the limiting factor is time. The limit could be 
set instead by number" of cognitive unitjs which can be processed. The 
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o«. Ch. stop ruU «ouH an in«i,ut„s suMec,t for further • 
research. 

■■ J the 5 vear olds were engaged in a 

secondly, it was postulated that the 5 year 

..Her ent entorpr.se f rc. that of the older children although all had , 
..n given the sa.e instructions- and the sa.e tas.. .he younger children s 

A .n be to respond to each picture. They organiV^ 
notion of the task seemed to be to. respon 

^ I ,1 o nnlv briefly and sporadically. Other unrelated , . 
the pictures into problems only brietiy an 

, cnMsfactory to them. Their cognitive 

organizations of the task were satisfactory 

procc^sln. was tnferr.. to .„voIV3 solution o. .roUcs sue,, as "how can 
X puasa tHa laa„" and 'Vhat .a.a can I -Ka out^of this »hich will - 
,laasa ..V rather than the prohl» »h.ch „as^at h, the .nstrucUons. 

or.anuat-.on o. .n.o^at.on .™pUe. h. Hve ,e.r oHs- per.or.ance »as. 
. .nterpretC as ..a to Prccess.n, of trials In a Unear sequence „ith loose 
connections'. It »as su,,este, that a shift of .evelopnental stap ha. 
.clrred. or ... In the process of transition. h, a.e . The hl.her sta.e 
.e^lnnln, at , and eonholiaated h, a.e Involve, processes of trials as 
■ ..tr^ental to an over-riain. tasU of solvln. a prohle.. Operations «ere 
nastea Into a hierarchical organization- so eonstructea thaflt eouK. , . 
e.;cutc a n»her of operations on each trial an. Keep trac. of each o.ver 

ft 

a ocrles of ttlals. . • 

Inference_otltaEe.ShirtAei«JS!^^ . 

~ continuity het„ecn..es 3 an. 7 couple, with similarity hetwecn 
„«os 7 a... 9 ln.lcates the presence of a shift h^^ween .evelof.ental 
,ta.es. This' was foun. 'in all .eas,res. In performance. It .as notice. 
. in .Iffer^ m ho. slowl, chll.ren solve.. prohlcs. In response latency 

* 
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it was evident in the ability to maintain long .latencleis until a problem 
was solved which was present in 7 and 9 year olds but not in 5 year olds 
(Figure 5)". In skin potential response it was shown by increasing 
responsivity before solution In contrast to decreasfifs after solution by 
9* ye'ar olds, by 7syear olds when they v/ere told the solution, but riev^r 
by 5* year olds. It V7as also found itl frequency of response to onset of 
a slide which occurred after solutTion only in about. 20% of trials for 7 
and 9 ye'kr olds, but in 36% of trials for 5 year olds. In notable con- 
trast to all these changes between 5 and 7| the variance of latency 
ch^ges decreased between, the ages of 7 ^hd /9, Irrespective of the 
interpretation made of .these results, the presence of discontinuity in 
CO many different measures is interesting in view of the very smooth con-- 
tlnuous increasi^- in number of problems solvetd with increasing age. The 
conclusion i« ii^escaplfcle that sorne^sort 6f stage shift must have been 
-occurring ih development between ages 5 and 7. The stabilization occurring 
bjetv7een 7 and 9 appears to be due to consblidation of the new stage. 

When the influence of skill is compared to that of age in effecting 
the shift,. the evidence points to the conclusion that age was more '^ig^ 
nif leant than akill. Skilled 5 year olds were more like unskilled 5 year 
olds in these measures than they were like skilled or less skilled 9 year 
olds. Hovjever ,"^kill docs sho^w its effect at transitional points or stage 
shifts. ' The mo1?e highly skilled subjects shifted earlier and showed the 
"Tv^itfi^tage more strongly than did their less skilled contemporaries. 

Tha purpose of this study vfas to investigate the emergence in chiW 
• deveippment of a^^abile period during problem solving. A question was 
rais-®! as to whetha^ emergence of- the labile period of reapti\^ity coincided 



wltfi emergence of the ability to solve complex problems. Insofar as the 
study has provided an answer to this question it seems to-be as follows. 
The emergence of the labile period was found. It emerged betvreen ages ^ . 
5 ancl 7 and stabilized between 7 and 9. Nine year olds' had achieved the 
pattern as clearly as had adolescents. The age of emergence of the labile 
^ p^Wod roughly coincides with emergence of the^ ability to. solve complex 
problems. The study suggests that the mechanism underlying abilitjP-'t^ 
solve complex probleras^'was an ability to "hang in"; to "stay on target". 
The older children could-'hold their focus of attention on the problem to 
be solved until they succeeded. They could mpbilize physiological 
Support systems in the service of the cognitive task. .Five year olds 
'could not maintain such support from phy.si6logi?:al response systems. They 
could. not maintain the fo#.us of attention. Although they showed that 
they had the cognitive ability to solve the problems by solving them fre- 

quentiy/)their poweY as problem solvers. A/as ext^mely limited because they 

/ . ' ^ . • ■ • , 

only had a taomant in, which to work; only ^ single try, at, a solution. 

The jsignif icance of the study seems to lie in the^'hypothosis that 
" * the ability to hold a labile or reactive state &s a support fo^ cognitive 

^ 

activity makes it possible to continue information processing over a con- 

' ' " ^ '• . ' t. - 

stdo.rable period x)f time. Expanding the ^Juration of processing greatly; 

' ■ '■ ' ' - ' 

increases an individual's power "as a processor of information, making 

• ■ ^ \^ ■ ' • • , " . 

Vomplex logical sequences available to him. The emergence -^of this ability 

4' ■ ^ 

seems to relatj primarily . tf age rather, than to skill. The ability saeras' 
:to giipear as** a discontinuous improvemeiit with age. ) 
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